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INTRODUCTION
The Ponderosa Pine Risk Rating System, as developed in  C a lifo rn ia  
in  1936 by Salman and B ongberg(l^), i s  an attem pt to  c la s s i f y  the  cu r­
r e n t  s u s c e p t ib i l i ty  of in d iv id u a l ponderosa p ine t r e e s  (Pinus ponderosa 
Laws.) to  a tta c k s  of th e  w estern  p ine b e e t le  (Dendroctonus b re v ie omis 
L e e .) . The system makes use of crown c h a r a c te r is t ic s  in d ic a tiv e  of t r e e  
v ig o r, which, in  tu rn ,  are  used as a measure of b e e tle  s u s c e p t ib i l i ty .
The su ccess fu l a p p lic a tio n  of th i s  system as a to o l in  w estern  pine 
b e e tle  c o n tro l in  th e  P a c if ic  Coast S ta te s  has s tim u la ted  a d e s ire  on 
the p a r t  o f f o re s t  owners and managers to  use i t  fo r  s im ila r  purposes 
in  the n o rth e rn  Rocky Mountain reg io n —n o rth e a s te rn  Washington, n o rth e rn  
Idaho, Montana and th e  northw estern  p a r ts  o f Wyoming and South Dakota. 
Although p re lim in a ry  a p p lic a tio n s  of the  r a t in g  system have been made 
in  th is  reg io n  by p r iv a te  lumber firm s and f e d e ra l  f o re s t ry  ag en c ies , 
th e re  i s  no s ig n if ic a n t  evidence to  prove i t s  e f fe c tiv e n e s s  as a con­
t r o l  measure. These p re lim in ary  a p p lic a tio n s  were not s t r i c t l y  of the  
r i s k  r a t in g  system a lo n e , fo r  in v a r ia v ly  they  were accompanied by im­
provement c u tt in g s  to  tak e  out a d d it io n a l  s i l v i c u l tu r a l ly  u n d esirab le  
t r e e s .
In  the n o rth e rn  Rocky Mountain reg io n  th e re  are  3 3 ,0 6 l m illio n  
board f e e t  o f ponderosa p ine sawtimber on commercial f o r e s t  lan d s . This 
i s  20 p e rcen t of the t o t a l  sawtimber in  the  reg io n  and approxim ately 
13 p e rcen t of a l l  the ponderosa p ine sawtimber in  the  n a tio n . F orty  
p e rc en t o f the annual m o r ta li ty  of the  sawtimber of the n a tio n  i s  cu r­
r e n t ly  being a t t r ib u te d  to  in s e c ts ,  of which 90 p e rcen t i s  from bark 
b e e t l e s (23)♦ This in d ic a te s  the im portance of a r is k  r a t in g  system which 
can be e f f e c t iv e ly  ap p lied  a g a in s t bark b e e t le s  in  th i s  reg io n .
—1 —
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The a p p lic a tio n  of the ponderosa p ine r is k  r a t in g  system has proven 
to  be e f fe c t iv e  in  c o n tro llin g  w estern  p ine b e e tle  a t ta c k s  in  the  a reas  
in  which i t  has been te s te d —the e a s te rn  p a r ts  of Oregon and Washing­
ton  and in  n o r th e a s te rn  C a lifo rn ia . The d e te rm in a tio n  of i t s  e f f e c t iv e ­
ness in  p a r ts  of Montana i s  com plicated by the f a c t  th a t  the mountain 
pine b e e tle  (D. m ontieolae Hopk.) and th e  Black H ills  b e e tle  (D. pon-  
derosae Hopk.) a lso  are  prim ary enemies o f ponderosa p in e . L i t t l e  i s  
known o f the tre e  s e le c tio n  t r a i t s  of e i th e r  of these  l a t t e r  sp ec ies  
in  th i s  re g io n . I f  the r i s k  r a t in g  system i s  to  be app lied  e f f e c t iv e ly  
in  Montana, i t  i s  necessary  to  know i f  the mountain p ine b e e tle  and 
th e  Black H ills  b e e tle  p re fe ra b ly  a tta c k  the high r i s k  tr e e s  of the 
r a t in g  system in  t h e i r  re sp e c tiv e  geographic ranges w ith in  the re g ­
io n .
In  1951 the  Coeur d 'A lene F o rest In se c t Laboratory  s ta r te d  a 
study(9) which in  p a r t  was designed to  in v e s tig a te  l )  the  t r e e  se ­
le c tin g  t r a i t s  of D. b re v ie omis in  comparison to  D. m ontieolae in  
w estern  Montana, termed the "brevicom is-m onticolae complex", 2) the 
e f fe c tiv e n e s s  o f the  r a t in g  system on s c a tte re d  sample p lo ts  through­
out w estern  Montana. The p re se n t study i s  in  p a r t  an outgrow th of 
th i s  p ro je c t  and in c ludes the d a ta  c o lle c te d  to -d a te  in  the  p ro je c t  
to g e th e r  w ith  a d d it io n a l  d a ta  c o lle c te d  by the  au th o r.
The "brevicom is-m onticolae complex" has been extended to  in ­
clude the  study o f the  t re e  s e le c tin g  t r a i t s  and the p a t te rn  o f bo le  
in f e s ta t io n  of the w estern  p ine b e e t le ,  the  mountain pine b e e tle  and 
the Black H il ls  b e e tle  in  r e la t io n  to  the ponderosa pine r is k  r a t in g  
system in  Montana. This i s  termed the "brev icom is-m ontico lae- 
ponderosae complex".
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The study o f the e f fe c tiv e n e s s  of the ra t in g  system on the sample 
p lo ts  e s ta b lish e d  in  w estern  Montana has been con tinued . The w r i te r  
has made the  19^6 c ru ise  fo r  dead and dying t r e e s  and combined th ese  
d a ta  w ith  the p rev ious d a ta .
To fu r th e r  study the  e f fe c tiv e n e s s  of the system in  Montana, an 
experim ent has been planned by the  w r i te r  to  be e s ta b lish e d  in  the 
season of 1957-1958 on the V io le t Creek drainage of the P iq u e tt  Creek 
Experim ental F o res t s itu a te d  w ith in  the B it te r ro o t  N ational F o re s t, 
Montana.
This l a t t e r  p lan  can a lso  be considered  as one phase of an ex­
p erim en ta l program in  s i l v i c u l tu r a l  management of ponderosa p ine f o r e s ts ,  
being undertaken  by the  M issoula Research Center o f the Interm ountain  
F o rest and Range Experiment S ta tio n . The study i s  being planned co­
o p e ra tiv e ly  by th e  School of F o re s try  o f Montana S ta te  U n iv e rs ity  and 
the M issoula F o res t In se c t  Laboratory  and the  M issoula Research Center 
of the  In term ountain  S ta tio n .
This study summarizes and analyzes d a ta  c o lle c te d  on the ponder­
osa p ine r i s k  r a t in g  system in  Montana p r io r  to  1956. I t  co n ta in s a l l  
the work accomplished in  1956, and s e ts  f o r th  the  p lan  of work fo r  the 
year 1957-
The u ltim a te  o b je c tiv e  o f th e  coopera tive  study of which th i s  
study i s  one phase i s  to  determ ine i f  th e re  i s  any e x h ib ite d  p re ­
ference  on the p a r t  o f e i th e r  of these  th re e  in se c ts  fo r  the  h igh 
r is k  t r e e s  of th e  r a t in g  system during  endemic in fe s ta t io n s  in  Montana.
REVIEW OF THE LITERATURE
ORIGIN AND INITIAL DEVELOPMENT
The h is to ry  of th i s  problem may be sa id  to  d a te  back to  a s ta tem ent
of C ra ig h ead 's ,
" I t  i s  time to  determ ine what co n s id e ra tio n  must be given  
to  in s e c ts  in  th e  a p p lic a tio n  of s i l v i c u l tu r a l  methods, p a r­
t i c u l a r l y  w ith  the  o b je c t of p reven ting  r a th e r  than  c o n tro ll in g  
o u tb re a k s ." (3 )
Craighead had no s t a t i s t i c a l  d a ta  to  confirm  h is  o b se rv a tio n s , b u t 
they  were in  agreement w ith  those of Hopkins (^) and M ille r (16); 
namely, th a t  the w estern  p ine b e e tle  g e n e ra lly  appears to  p re fe r  
overm ature, slow growing, decadent t r e e s ,  p a r t ic u la r ly  those  on poorer 
s i t e s ,  Craighead rep o rted  th a t  during the preceding 15 y e a rs , ( I 9IO- 
1925)j $300,000  had been spent in  search  of an e f f i c i e n t  d i r e c t  con­
t r o l  method and then  commented th a t ,
"The g re a t  d is p a r i ty  in  the r e s u l t s  obtained  c e r ta in ly  in ­
d ic a te s  th a t  some o th e r fa c to rs  have more e f f e c t  on the 
in f e s ta t io n  than  d i r e c t  c o n tro l o p e ra tio n s ."
In  h is  recommendations fo r  fu tu re  in v e s tig a tio n s  he advanced the
fo llow ing :
" In  an attem pt to  g e n e ra liz e  from a l l  the  evidence th a t
has been c o lle c te d , the th eo ry  i s  advanced th a t  the w estern
pine b e e tle  i s  p r im a rily  adapted to  k i l l in g  overmature o r 
weakened t r e e s ,  th a t  t r e e s  on the poorer s i t e s  are  p a r ­
t i c u l a r l y  su sc e p tib le , and th a t  the  b e e t l e 's  a b i l i t y  to  
in c rease  in  numbers i s  cond itioned  by p h y s io lo g ic a l changes 
in  the  t r e e  brought about by d e f ic ie n c y  in  r a i n f a l l  or 
opening of the  stand which allow s g re a te r  d e s ic c a tio n .
I t  may even be p o ss ib le  th a t  th e  in s e c t  i s  not k i l l in g  
more than  the  annual increm ent o f th e  f o r e s t ,  when la rg e  
a re a s  a re  considered  over 10 o r 20 y ea r p e r io d s , and th a t  
we a re  a ttem pting  the im possib le in  s tr iv in g  to  p ro te c t  
the  old and decadent in  e n t i r e  o p p o sitio n  to  N a tu re 's  
methods, . . . I t  i s  c le a r ly  ev id en t th a t  fu tu re  p ro g ress  
in  the a p p lic a tio n  o f p rev en tiv e  and c o n tro l measures 
i s  dependent on th e  d e te rm in a tio n  of the r e la t io n  of th ese  
k i l l in g s  to  th e  annual increm ent, and on a d e te rm in a tio n
“U“
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of the  co n d itio n s  re sp o n s ib le  fo r  an in c rease  in  the 
b e e tle  p o p u la tio n ."  (3 )
P e rso n (]^ ) published  an a r t i c l e  on t r e e  s e le c t io n  by the  w estern  
p ine  b e e t le .  Tree s e le c t io n  as used in  h is  paper was no t in tended to  
mean a conscious s e le c tio n  of c e r ta in  t r e e s  by the in s e c ts  bu t r a th e r  
th a t  the  t r e e s  having c e r ta in  c h a r a c te r is t ic s  were more l ik e ly  to  be 
k i l l e d  by th i s  in s e c t  than  t r e e s  which d id  not have them. He a ttem pt­
ed to  determ ine whether th e  s e le c t io n  of a t r e e  fo r  a tta c k  by the 
w estern  pine b e e t le  was due to  the s i t e  on which the  t r e e  was lo ca ted  
or to  c h a r a c te r is t ic s  of the t r e e  i t s e l f .  His experim ents were con­
ducted in  the  Cascadel a rea  of the S ie r ra  N ational F o re s t, C a lifo rn ia .
With regard  to  the s i t e  he used the  follow ing c la s s i f ic a t io n :  
s i t e  c la s s  I  in c lu d es  the tre e s  more than  175 f e e t  t a l l  and c la s se s  
I I ,  I I I ,  IV and V include t r e e s  having h e ig h ts  of 150-175, 125-150, 
IOO-I25, and le s s  than  100 f e e t  re s p e c tiv e ly .  In  the a rea  he la id  
out th e re  were no s i t e  c la s se s  I  or V re p re se n te d . He found th a t ,  
on the  average, th e  b e t t e r  s i t e s  had le s s  lo ss  caused by in s e c ts  
and th e  poo rer s i t e s  had more.
He determ ined th a t  th e  number o f in s e c t- k i l le d  t r e e s  having 
d iam eters of between 20 and 30 inches was much g re a te r  than  the p ro ­
p o r tio n  of such t r e e s  to  the  t o t a l  stand  and th a t  th e  b e e tle  p re fe r re d  
tr e e s  w ith in  th i s  range of d iam ete rs .
From a comparison of increm ent cores from more than  1,000 t re e s  
k i l l e d  by th e  b e e tle  w ith  cores from an alm ost equal number o f l iv in g  
t r e e s  of the same s i t e  c la s s  and s iz e  i t  was in d ic a te d  th a t  th e  b e e tle  
m anifested  a d e f in i te  s e le c t io n  of the slow er growing t r e e s .
Person c losed  h is  a r t i c l e  w ith  the fo llow ing s ta tem en t:
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"The slow-growing t r e e s ,  which are  of l e a s t  value fo r  
producing wood, are  th e  t r e e s  most l ik e ly  to  be k i l l e d  by the  
w estern  pine b e e t le .  I f  th ese  t r e e s  can be taken out in  
the  e a r l i e s t  c u ttin g  of tim ber the co n d itio n  of the c u t­
over a reas  w i l l  be m a te r ia lly  improved from the  s tan d p o in t 
of in s e c t  damage and of subsequent growth,
"P re lim inary  d a ta  on the mountain p ine b e e t le ,  the 
Black H ills  b e e tle  and th e  engraver b e e tle  in d ic a te  th a t  
the  o th e r im portan t bark b e e tle s  found in  the w estern  
f o r e s t  probably  do no t show th is  d e f in i te  s e le c t io n  of 
the  slow-growing t r e e s ."  (17)
Dunning' s t r e e  c l a s s i f ic a t io n  (U) fo r  the ponderosa pine fo re s ts  
of the S ie r ra  Nevada Mountains in  C a lifo rn ia  drew on e x is t in g  t r e e  
c la s s i f ic a t io n s  which had o r ig in a te d  in  Europe. These c l a s s i f i c a ­
t io n s ,  as f a r  as i s  known, ap p lied  to  even-aged s tan d s , w ell stocked , 
and o f com paratively  simple com position. The pine stands of C a lifo rn ia  
d id  n o t f i t  these  c l a s s i f ic a t io n s ,  fo r  th ey  were i r r e g u la r  in  age, un­
derstocked  and of mixed to le r a n t  and in to le r a n t  sp e c ie s . The c l a s s i f i ­
c a tio n  then  used in  C a lifo rn ia  rbcognized two broad age c la s se s —black  
ja c k s , young t r e e s  w ith  g ray ish  brown to  b lack  b ark , and yellow  p in e s , 
t r e e s  w ith  dark re d d ish  brown o r yellow  b ark . The a p p lic a tio n  of th ese  
European c la s s i f ic a t io n s  in  the c u ttin g  of t r e e s  o ften  re s u lte d  in  a 
y ie ld  much below the  cap ac ity  of the  s i t e ,  because too many unproduc­
t iv e  t r e e s  were re ta in e d  w hile v igorous t r e e s  not y e t  a t  m a tu rity  
were tak en . Dunning, th e re fo re ,  p resen ted  a c l a s s i f ic a t io n  of ponde­
ro sa  p ine which he f e l t  o ffe red  in te r e s t in g  p o s s i b i l i t i e s  in  the  con­
t r o l  o f the w estern  p ine b e e tle  in  th e  l ig h t  of P e rso n 's  work and which 
allowed an in c re a se  in  p ro d u c tiv ity  o f the s i t e .  This c l a s s i f ic a t io n  
has been w idely  used by the  F o re s t S ervice in  C a lifo rn ia  fo r  tim ber 
m arking. I t  c o n s is ts  of seven c la s s e s ,  th e  d e s c r ip tio n  of which can be 
found in  Appendix Table 1. These c la s s e s  take in to  c o n s id e ra tio n  the 
fo llow ing  f a c to r s :  age, dominance, crown le n g th , crown w id th , form of
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crown and v ig o r .
Dunning l i s te d  th e  c la s se s  which had the  g r e a te s t  incidence of 
in s e c t  m o r ta li ty  as 7, U and 5.
K een(l2) s ta te d  th a t  a f t e r  se v e ra l years  of f ie ld  s tu d ie s  in  con­
n e c tio n  w ith  w estern  pine b e e tle  surveys in  southern  Oregon and n o r th ­
ern  C a lifo rn ia , p re v io u s ly  rep o rted  by Meyer( 15), th e re  was evidence 
th a t  marked d iffe re n c e s  in  b e e tle  s u s c e p t ib i l i ty  e x is te d  w ith in  some of 
the  Dunning t r e e  c la s s e s .  In  o rder to  i s o la te  the  s p e c if ic  charac­
t e r i s t i c s  th a t  appeared to  be the  most im portan t in  in d ic a tin g  suscep­
t i b i l i t y ,  i t  was d e s ira b le  to  s e t  up a more d e ta ile d  c l a s s i f ic a t io n  
w ith  a la rg e  number o f sm all, homogeneous, e a s i ly  recognized t re e  ty p es. 
This was accomplished by Keen in  h is  t r e e  c la s s i f ic a t io n  which was 
f i r s t  pub lished  in  1936 and m odified in  19ii3 (13). B a s ic a lly , i t  con­
s i s t s  of fo u r age c la s s e s —young, immature, mature and overm ature—and 
fou r crown c la s s e s —dominant, codominant, in te rm ed ia te  and suppressed , 
(Appendix Table 2 ) . The c la s s i f ic a t io n  ap p lie s  in  open-grown ponderosa 
pine s ta n d s . Both D unning's and K een's systems are  e s s e n t ia l ly  a group­
ing of in d iv id u a l t r e e  types on the b a s is  o f th e i r  s i l v i c a l  c h a ra c te r ­
i s t i c s .
Keen in  c la s s ify in g  p ine stands according to  h is  system found 
th a t  72 p e rcen t of the  t o t a l  volume of lo s s  from the  w estern  pine 
b e e tle  occurred in  t r e e s  of p o o re s t v ig o r , in  crown c la s se s  C and D, 
and most f re q u e n tly  in  the o ld e r  age c la s s e s  th re e  and fo u r . Since 
th is  work was done p r im a r ily  in  v i rg in  s ta n d s , d i f f e r e n t  r e s u l t s  may 
be observed in  re se rv e  s ta n d s , depending on th e  in te n s i ty  of the 
p rev ious c u t.
H ornibrook(6) and Thomson(22) developed t r e e  c la s s i f ic a t io n s  fo r  
growth s tu d ie s  in  ponderosa p ine in  the  Black H ills  and the  Southw est,
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re s p e c t iv e ly ,  based on the  Keen c la s s i f i c a t io n ,
Salman and Bongberg(l8) a t  B erkeley, C a lifo rn ia , over a p erio d  of 
tim e , developed a more h ig h ly  c r i t i c a l  b a s is  fo r  seg reg atin g  high  r is k  
t r e e s  on an in d iv id u a l b a s is .  T heir c l a s s i f ic a t io n  made use of v is ib le  
crown c h a r a c te r is t ic s  in d ic a tiv e  of c u rre n t t r e e  v ig o r which were, in  
tu rn ,  used as in d ic a to rs  o f in s e c t  r is k  (Appendix Table 3 ) .  This i s  
now known as the Ponderosa Pine Risk Rating System.
This system was te s te d  on 12 p lo ts  on the Lassen and Modoc Na­
t io n a l  F o re s ts  in  C a lifo rn ia , In  an l8 ,0 $ 6 - tre e  sample, during the 
p erio d  between 1936 and I 9U0 over 80 p e rcen t of the  lo sse s  from the  
w estern  p ine b e e tle  occurred in  the high r is k  t r e e s  ( r is k  3 and h of 
the  r a t in g  system) which c o n s ti tu te d  b u t 11,1  p e rcen t of the t o t a l  
volume.
This system was fu r th e r  te s te d  in  the  B lack 's  Mountain E xperi­
m ental F o re s t, C a lifo rn ia  between the  y ears  1937 and I 9UO, The h ig h - 
r i s k  t r e e s  were removed from an a rea  of 1,563 ac res  as a s a n i ta t io n -  
salvage c u t t i n g ^  and th e  subsequent b ee tle -cau sed  lo s s  of tre e s  was 
then  compared w ith  the lo ss  from a s im ila r  u n tre a te d  a re a . Removal of 
high r i s k  tre e s  from the green  stands reduced subsequent volume lo ss  
from w estern  pine b e e t le  by an estim ated  90.6  p e rcen t the  f i r s t  y ea r .
"The term " sa n ita t io n -sa lv a g e  c u ttin g "  i s  w idely used by f o re s t  
en tom ologists  to  d esc rib e  a c u tt in g  th a t  accom plishes in d ir e c t  
c o n tro l of the w estern  p ine b e e tle  by removing from 10 to  30 p e r ­
cen t o f ponderosa p ine stands in  t r e e s  over 12 inches in  d iam eter 
ra te d  as h igh r i s k .  These norm ally a re  the Risk 3 and U tr e e s  in  
the s ta n d s . C utting  these  h igh r is k  t r e e s  out of a stand  allow s 
them to  be u t i l i z e d  fo r  lumber b efo re  they  are  k i l le d  by the 
b e e tle  and i t  p rev en ts  the bu ildup  in  them of epidem ic-causing 
b e e tle  p o p u la tio n s ."  (10)
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82,0 p e rcen t fo r  two y ears  and 71.9 p e rcen t fo r  the th re e  y ear period  
fo llow ing the c u t t in g .
Keen and Salman(12) pub lished  a paper d esc rib in g  the p ro g ress  in  
pine b e e t le  c o n tro l through t re e  s e le c t io n .  In  th is  paper the a p p l i ­
c a tio n  of th e  Keen c l a s s i f ic a t io n  and of th e  r i s k  r a t in g  system i s  
d iscu ssed  and compared.
The a p p lic a tio n  o f the  r i s k  r a t in g  system prov ides a base fo r  a 
s a n ita tio n -sa lv a g e  c u ttin g  to  o b ta in  prompt b e e tle  c o n tro l,  and sup­
plem ents, r a th e r  than  re p la c e s , the b roader g en e ra l p r in c ip le s  to  be 
app lied  in  any long-term  s i l v i c u l tu r a l  or management p la n . The system 
d e sc rib e s  an in d iv id u a l t re e  h e a lth  co n d itio n  which may change in  a 
sh o rt p e rio d  o f tim e. Consequently the sa n ita tio n -sa lv a g e  c u ttin g  
g ives r e l a t iv e ly  sh o rt p erio d s  of p ro te c t io n .
The b a s ic  c h a ra c te rs  on which the Keen c la s s i f ic a t io n  i s  founded 
change slow ly . The l6  c la s se s  give a wide la t i tu d e  in  t r e e  s e le c tio n  
which makes them w ell adapted to  a tim ber marking on a s e le c tiv e  b a s is .  
Since a c u tt in g  by t re e  c la s se s  i s  le s s  s e le c tiv e  as to  t r e e s  which 
may d ie  in  the near fu tu re ,  a h ig h er volume has to  be c u t to  o b ta in  
equal sh o rt- te rm  p ro te c tio n  and a sm aller a rea  can be covered in  a 
g iven  p erio d  of tim e.
Hence, th e  r i s k  r a t in g  system lends i t s e l f  to  a s h o r te r  period  of 
b e e tle  c o n tro l and the  Keen t re e  c la s se s  lend them selves to  a longer 
p erio d  o f b e e tle  c o n tro l,  p rov id ing  th a t  th e re  are  no p e rio d s  of 
adverse environm ental c o n d itio n s .
The method o f in s e c t  c o n tro l to  be ap p lied  s t i l l  depends on the  
f i e ld  co n d itio n s ; d i f f i c u l t i e s  in  a p p lic a tio n , economic c o n s id e ra tio n s  
and en tom ological f a c to r s ,  c h ie f ly  th e  p e rio d  o f in s e c t  p ro te c tio n  d e -
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s ir e d .  The r is k  r a t in g  and the Keen c la s s i f ic a t io n  systems are  bu t 
to o ls  to  a id  the  f o r e s te r  in  th e  c o n tro l of these  p e s ts .
Johnson(8) rep o rted  th a t  in  1938 the F o rest Service m odified the 
p ine marking ru le s  as ap p lied  to  the e a s t  s ide  o f the S ie rra  Nevada 
Mountains in  n o rth e rn  C a lifo rn ia  by s t ip u la t in g  th a t  a l l  t r e e s  th a t  
were above the economic diam eter l im i t  of 18 inches and su sc e p tib le  to  
b e e tle  a tta c k  should be marked fo r  u t i l i z a t i o n .  The rese rv e  t re e s  
above th i s  diam eter l im it  would then  be low r is k  t r e e s .  This move 
proved g e n e ra lly  e f fe c t iv e  in  minimizing p o st-lo g g in g  m o rta li ty  of p ine 
from bark  b e e tle  a t ta c k . However, i t  f a i le d  on extrem ely poor s i t e s  
where th e re  were many high r is k  old-grow th tre e s  below the economic 
d iam eter l im i t .  Many of th ese  t r e e s  were subsequently  a ttack ed  by 
bark b e e t le s ,  allow ing the b e e tle  p o p u la tio n  to  in crease  and to  a tta c k  
the low r i s k  t r e e s  in  the  re se rv e  s tan d s . I t  was suggested th a t  a l l  
h igh r i s k  sub-diam eter tre e s  be removed from these  s i t e s  i f  only as a 
measure of in s e c t  c o n tro l o r stand  improvement.
K een(l) developed a method fo r  an a p p ra is a l  of crown c h a ra c te r  
co n d itio n s  which forms the  b a s is  fo r  a more p re c ise  a p p lic a tio n  o f the 
r i s k  r a t in g  system . This method employs a r ith m e tic  p e n a lt ie s  f o r  crown 
c h a r a c te r is t ic s  which e x h ib it  d e v ia tio n s  from th a t  which m ight be ex­
pected  in  normal h ea lth y  o r h igh v ig o r t r e e s .  A d e s c r ip tio n  of t h i s  
p e n a lty  system i s  included in  the Appendix Table U-
DEVELOPMENT IN THE NORTHERN ROCKY MOUNTAIN REGION 
In  19$1 the  F o res t In se c t  L aboratory , Couer d 'A len e , Idaho, 
s ta r te d  work p ro je c t  I -c -1  " In v e s tig a tio n  of t r e e  k i l l in g  bark  
b e e t le s  and th e i r  co n tro l"  (£ ) .  This work p ro je c t  was in  tu rn  d i -
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vided in to  two l in e  p ro je c ts  as fo llo w s:
1) Line P ro je c t  I -c -1 -1  "Tree c la s s i f ic a t io n  based upon sus­
c e p t i b i l i t y  to  p ine b e e tle  a t ta c k " ,  and
2) Line P ro je c t I -c -1 -2  "Development of w estern  pine b e e tle  con­
t r o l  through s e le c t iv e  logging in  the n o rth e rn  Rocky M ountains",
The study p lan  of l in e  p ro je c t  I -c -1 -1  was d iv ided  in to  th re e  ac­
t i v i t i e s  as fo llo w s:
a) The brevicom is-m onticolae complex,
b) Risk p lo ts  (v irg in  tim ber) and
c) Risk t re e  photographs.
P ro g ress  re p o r ts  were subsequently  w r i t te n  in  1952 and 195U (9)
(10), on th ese  phases of the  study . The d a ta  p e r ta in in g  to  both  a) 
and b) (above) w i l l  be in co rp o ra ted  in to  th i s  paper.
Line p ro je c t  I -c -1 -2  was d iv ided  as fo llo w s:
a) T esting  the e f f e c t  o f s a n ita tio n -sa lv a g e  logging and
b) Ponderosa p ine r i s k  r a t in g  school.
To d a te  th e  d a ta  under a) have no t been analyzed or re p o rte d . There 
have been th re e  form al r is k  r a t in g  schools held  a t  O ran g ev ille , Idaho 
and a t  M issoula and Rexford, Montana, In a d d itio n  th e re  have been in ­
form al schools in  L inco ln , Libby and in  th e  B i t te r ro o t  N ational F o res t 
a l l  in  Montana.
THE BREVICOMIS-MONTICOLAE-PONDEROSAE-COMPLEX 
INTRODUCTION
In  1951 the Couer d ’Alene F o rest In se c t  Laboratory  s ta r te d  a study 
w hich, in  p a r t ,  was designed to  compare the t re e  s e le c tin g  t r a i t s  of 
the  w estern  p ine  b e e tle  w ith  those o f the mountain p ine b e e tle  in  w est­
e rn  Montana, This p a r t  of th e  study was termed the "brevicomis-mon­
t ic o la e  complex". The p re lim in a ry  r e s u l t s  were p resen ted  in  a p ro g ress  
rep o rt(9 )«  In  ISSh o th e r d a ta  were c o lle c te d  which have been made 
a v a ila b le  to  the w r i te r  to  be analysed and included in  th i s  th e s i s .
The p re se n t study was designed w ith  the  in te n tio n  of determ ining 
the geographic a reas  in  Montana where the  w estern  p ine b e e t le ,  the  
mountain pine b e e tle  and the  Black H ills  b e e tle  a re  prim ary p e s ts  of 
mature and overmature ponderosa p in e . I t  w i l l  compare the  p a t te r n  of 
a tta c k  fo r  each in s e c t  on the  bo le  o f the in fe s te d  t r e e s .
The study was com plicated by the  d i f f i c u l ty  in  d is tin g u ish in g  the 
g a l le ry  p a t te rn s  and the m orphological c h a r a c te r is t ic s  o f the mountain 
pine b e e tle  and the  Black H ills  b e e t le .  The g a l le ry  p a tte rn s  of these  
in s e c ts  appear id e n t ic a l .  The m orphological d if fe re n c e s  between the 
a d u lt in s e c ts  a re  so s l ig h t  th a t  in s e c t  taxonom ists must be e s p e c ia lly  
tra in e d  to  sep a ra te  the  two sp e c ie s . T herefo re , a search  was made fo r  
a p o ss ib le  r e la t io n s h ip  between the ra ce s  o f the  h o s t tree(2U ) and the 
sp ec ies  of a tta c k in g  in s e c t ,
OBJECTIVES
1 ) To determ ine the geographic a reas  o f Montana in  which the w estern  
p ine b e e t le ,  the mountain p ine b e e t le  and the  Black H ills  b e e tle  are 
p rim ary p e s ts  o f mature and overm ature ponderosa p in e ,
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2) To study  the  p a t te rn  o f a tta c k  o f  each o f th ese  in s e c ts  to g e th e r 
w ith  th a t  o f Ips sp ec ies  on the b o les  o f in fe s te d  t r e e s  in  the 
re sp e c tiv e  geographic a re a s .
3) To study the  r e la t io n s h ip  o f a t ta c k s  o f the mountain pine b e e tle
and th e  Black H ills  b e e tle  w ith  the  occurrence o f ra c e s  of the host t r e e .
EXPERIMENTAL DESIGN AND SAMPLING INTENSITY
To f a c i l i t a t e  the  study , the S ta te  was d iv ided  in to  fo u r geographic 
areas  from e a s t  to  west as shown in  F igure 1 . In  each a re a , l o c a l i t i e s  
were chosen in  which p ine t r e e s  r e c e n tly  in fe s te d  by s e o ly tid  b e e tle s  
were to  be f e l le d  auid examined.
The sampling in te n s i ty  was designed so th a t  a p re c is io n  of 20 p e r­
cen t would be ob tained  w ith  a p ro b a b i l i ty  o f 9$ p e rcen t by a method 
described  by Schumacker and Chapman(1 9 ).
PROCEDURE 
Locale o f Study
The study co n cen tra ted  on th e  p r in c ip le  a reas  throughout the S ta te  
where ponderosa p ine  i s  grown fo r  sawtim ber. The t e r r a in  i s ,  fo r  the 
most p a r t ,  rough w ith  in d iv id u a l m outain ranges extending in  a n o rth ­
w e s t-so u th ea s t d ire c t io n  and tu rn in g  eastw ard along th e  southern  
border o f the s t a t e .
West o f the C o n tin en ta l D iv ide, the rough topography s e ts  up more 
fav o rab le  m oisture co n d itio n s  so th a t  ponderosa p in e—la rc h —Douglas- 
f i r  f o r e s t .  Type 211: of the  S ocie ty  o f American F o re s te rs ,  i s  found on 
some slopes w hile the i n t e r io r  ponderosa p ine f o r e s t .  Type 237, i s  
found on th e  d r ie r  s lo p e s . E ast of the  d iv id e , however, the  d r ie r  
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nontim bered lan d .
Type 237 appears as the low est and most d ro u g h t- re s is ta n t  of the  
n a tiv e  f o r e s t  ty p es . In  e le v a tio n  i t  occurs im m ediately above the g ra s s ,  
sagebrush or p in y o n -ju n ip er zone, and below the Rocky Mountain D ouglas- 
f i r  zone. Eastward i t  i s  one of the  l a s t  t r e e s  to  be found befo re  
reach ing  the  G reat P la in s .
There i s  a t o t a l  of 3 .U m illio n  acres  of ponderosa p ine f o r e s t  
w est o f the  C o n tin en ta l D ivide and 1 .2  m illio n  acres  e a s t  of the  d iv id e . 
This acreage i s  estim ated  to  co n ta in  11 b i l l i o n  board f e e t  of lumber, 
or s ix  p e rc en t o f the t o t a l  sawtimber o f Montana^?). In  a d d itio n , 
th e re  a re  many ac res  in  e a s te rn  Montana of more o r le s s  scrubby, 
open-woodland type stands which are im portant fo r  rough lum ber, f u e l ,  
s o i l  p ro te c t io n  and w i ld l i f e  cover.
Choice o f Pine Stands and In d iv id u a l Pine Trees
During the i n i t i a l  s tag es  of the  study a l l  of the ex ten siv e  mixed 
and pure saw log-size ponderosa p ine stands were lo ca ted  on a map of 
Montana. This in fo rm ation  was ob tained  from the D iv ision  o f F o res t 
Economics of the In term ountain  F o re st and Range Experim ental S ta tio n , 
Ogden, U tah.
A s e r ie s  o f p ine stands was chosen to  g ive re p re s e n ta tiv e  samples 
o f the  p r in c ip a l  im portan t ponderosa p ine a rea s  in  the S ta te .  These 
a reas  were lo ca ted  in  or ad jacen t to  the  fo llow ing n a tio n a l f o r e s ts :  
K ootenai, B i t te r ro o t ,  Lolo, Helena, Lewis and C lark and the  C uster; 
a lso  in  the fo llow ing  in d ian  re se rv a tio n s :  Crow and th e  Tongue R iv e r-  
N orthern Cheyenne.
Since the  bark b e e tle  p o p u la tio n s  are  c u r re n tly  endemic i t  took
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co n sid e rab le  t r a v e l  to  lo c a te  s u ita b le  b e e tle  in fe s te d  t r e e s .  The t r e e s  
were chosen which were e a s i ly  a c c e ss ib le  and c u r re n tly  in fe s te d  o r r e ­
c e n tly  abandoned by s e o ly tid  bark b e e t le s .
I d e n t i f ic a t io n  of Host 
L i t t le ( lU )  l i s t s  as synonyms f o r  Pinus ponderosa Laws, the  fo llow ­
ing  names: P inus ponderosa v a r .  ponderosa, Pinus ponderosa v a r ,  scopu- 
lorum Engelm ,, and Pinus scopulorum (Engelm,) Lemm, This i s  the o f f i c ­
i a l  l i s t i n g  of s c ie n t i f i c  names recognized by the U.S. F o rest Service 
and the  above synonyms are  honoured by th i s  study. The c h a r a c te r is t ic s  
of the  n eed les—needle le n g th , needle f l e x i b i l i t y  and number o f  need les 
in  a f a s c ic l e —as d escrib ed  by Weidman(2lt), were compared. The t r e e s  
were c la s s i f ie d  in to  fo u r broad c la s s e s  according to  the number o f 
need les in  a f a s c ic l e .
This was done by sampling 100 f a s c ic le s  each from the  upper and 
lower crowns of each t r e e .  The lo n g e s t and s h o r te s t  te n  needles were 
measured to  g ive the range of le n g th s . The f l e x i b i l i t y  was graded as 
f le x ib le ,  s l ig h t ly  s t i f f  and b r i s t l y .  The percen tage o f two- and 
th re e -n eed led  f a s c ic le s  was recorded  fo r  each t r e e  in  the sample. The 
h o s ts  were then  c la s s i f ie d  in to  fo u r  broad f a s c ic le  c la s s e s ,
1) 90-100 p e rcen t th re e -n eed led  f a s c ic le s
2) 70—89 " " " "
3 ) 20--69 " " " "
h) 00—19 " " " "
F ie ld  I d e n t i f ic a t io n  o f In se c t  Species 
D, b rev icom is—I f  an a tta c k  has been su c c e ss fu l, sm all amounts of 
f in e  y e llo w ish  or red d ish  bo rin g s w i l l  be lodged in  the c rev ices  o f the 
bole bark  o r d ep o sited  on the ground a t  the base o f the  t r e e .  On th e
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bole a t  the  p o in t o f a t ta c k  w i l l  u su a lly  be found a sm all s o l id i f ie d  
mass o f p ink  or red  p i tc h ,  f re q u e n tly  in  the form of a tu b e . F u rth er 
evidence of a su c ce ss fu l a t ta c k  i s  the maze of c r is s -c ro s s in g  tu n n e ls . 
F igure 2, t i g h t ly  packed w ith  boring  d u s t and winding through the 
cambium la y e r .  These are  r e a d i ly  seen on the in n er su rface  of removed 
b ark . These tu n n e ls  are  the egg g a l le r ie s  co n stru c ted  by the a d u lt 
b e e t le s  and th e i r  p a t te r n  may be regarded  as c h a r a c te r is t ic  of the w est­
e rn  p ine b e e t le .  L arval mines are  no t v is ib le  on the in n er su rface , 
b u t a re  imbedded in  the o u te r  bark .
D. m ontieolae and D. ponderosae—Although i t  i s  co m paritive ly  
easy  to  determ ine the presence of o r in ju ry  caused by these  two in s e c ts  
in  the f i e ld ,  i t  i s  d i f f i c u l t  to  determ ine which o f the two in s e c ts  i s  
p re se n t o r which caused the in ju ry  because the evidence of a tta c k  i s  
the same and the  m orphological c h a r a c te r is t ic s  o f the a d u lt in s e c ts  are 
very  s im ila r .  Consequently the id e n t i f i c a t io n  of these  in s e c ts  was no t 
done in  the  f i e l d .  The evidence of a tta c k  i s  q u ite  s im ila r  to  th a t  o f 
the w estern  p ine b e e t le .  However, th e  evidence of a tta c k  may be d i f f ­
e r e n tia te d  from th a t  o f w estern  p ine b e e tle  by the c h a r a c te r is t ic  p a t­
te r n  o f the egg g a l le r ie s  through the  cambium la y e r . The egg g a l le r ie s  
of the  two in s e c ts  f i r s t  mentioned may range from 12 to  inches long. 
They a re  w ider, always p a r a l l e l  to  the g ra in  o f the wood and do no t 
i n t e r s e c t .  The la r v a l  mines are  v is ib le  on the in n e r bark  su rface  
and extend a t  r ig h t  ang les to  the  egg g a l l e r ie s .  They te rm inate  in  
shallow  p i t s  or pupal c e l l s .  The egg g a l le r ie s  and la irva l mines o f 
a l l  th re e  sp ec ie s  a re  packed w ith  boring  d u s t.  F igure 3»
The above in s e c ts  were sep ara ted  from Ips sp e c ie s , o f te n  a s so c i­
a ted  w ith  them, by the absence o f the  e l y t r a l  d e c l iv i ty  on the  a d u lt .
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Figura 2 . - WESTERN PI NE BEETLE
Pend roctonus brevicomis Lee.




I Ponderosa pine stand showing beetle killed trees.
2. Characteristic winding egg ga l le r ies .
3. Section of bark removed to show work of adults.
4.  Larvae cutting pupal cells in outer bark .
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Figure 3 . . . MOUNTAIN P I NE  BEETLE









p i t c h  tubes on heavily a t t a c k e d  lodgepole  pine.  
Close-up of pitch tubes on b ark .
Egg g a l le r ie s  and larval  mines with young larvae.
Egg gal ler ies,  larval mines, pupal cel ls,  pupae, and adults.
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The egg g a l le r ie s  o f Ips were id e n t i f ie d  on the  in n e r bark su rface  by 
th e  absence o f boring  d u st and by the f a c t  th a t  sev e ra l ra d ia te d  from 
c e n tr a l  n u p tia l  chambers.
I n i t i a l  Tree Measurements 
The fo llow ing  d a ta  were taken fo r  each tre e  used in  the study:
1) Tree number
2) L ocation—township and range
3 ) Date o f exam ination
ii) DBH, to  n e a re s t even inch
5) H eight, in  I 6 fo o t logs
6) S cribner board fo o t volume
7 ) Keen or Hornibrook t r e e  c la s s
8) Color of fo lia g e
9 ) Risk ra t in g  when p o ss ib le
10) Species of in se c t  p re sen t as determ ined by b asa l 
exam ination on n o rth , e a s t ,  south  and w est side  
o f bo le
11) In se c t ap p aren tly  re sp o n sib le  fo r  k i l l in g  as d e te r ­
mined from the b a sa l exam ination
12) Year k i l le d
13) In se c t a c tu a l ly  resp o n sib le  fo r  k i l l in g  as determ ined 
from f u l l  bole a n a ly s is
lij.) F o liage c h a r a c te r is t ic s —p ercen t th re e -n eed led , v a r ia ­
t io n  in  le n g th  and degree o f s t i f f n e s s  
15 ) Remarks.
The apparen t cause of death  was recorded in  th e  i n i t i a l  t re e  
measurements w hile the t r e e  was s t i l l  s tand ing . The a c tu a l cause of 
d ea th  was determ ined a f t e r  the t r e e  had been f e l le d  and a bo le  examin­
a t io n  had been com pleted.
Measurements Standards 
Tree d ia m e te r .—Tree d iam eters were obtained  w ith  a 2 0 -fo o t s te e l  diam­
e te r  tape  a t  f e e t  above the ground and p e rp en d icu la r to  the bole 
a x is .  They were recorded  to  the n e a re s t even numbered in ch .
Tree h e ig h ts .—Tree h e ig h ts  of s tand ing  t r e e s  were measured w ith  the 
hypsometer on a Biltm ore s t i c k .  The h e ig h ts  were recorded  in  terras o f
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1 6 -fo o t logs from a 12-inch  stump to  an 8 -inch  top diam eter in s id e  the  
b a rk . Tree h e ig h ts  of the f e l le d  tr e e s  were measured w ith  a 2 0 -fo o t 
s te e l  ta p e .
Tree volum e.—The "Ponderosa Pine M ultip le  Volume Table-1931, A pplicable 
to  Region One, S cribner Decimal C" was used to  determ ine the b o ard -fo o t 
volume of a l l  t r e e s  12 inches DBH and over. The rem aining volumes were 
ob tained  from a S cribner Decimal 0 log ru le  t a b le (£ ) .  The volumes were 
recorded  by adding the f in a l  zero to  the volumes obtained  from the 
decim al ta b le s .
Risk r a t i n g .—Since the tr e e s  in  the study were dead or dying i t  was 
not p o ss ib le  to  r a te  the t r e e s  according to  the system .
Keen c l a s s i f i c a t io n .—This was done by the w r ite r  using  the pub lished  
c la ss if ic a tio n (A p p e n d ix  Table 2 )(1 3 ) .
Hornibrook c l a s s i f i c a t io n .—This was done by the w r i te r  using the pub­
lish e d  c la ss if ic a tio n (A p p en d ix  Table 5 ) (6 ) .
Color of f o l i a g e .—The c o lo r of the fo lia g e  was d i f f i c u l t  to  s tand ­
a rd iz e , b u t in  gen era l was designated  as s o r re l  (w ith a d i s t i n c t  green 
shade), yellow  o r re d . I t  could be seen b e s t a g a in s t a b lue sky w ith  
back sun l ig h t in g .
Cause of d e a th .—Since more than one spec ies  of in s e c t  a ttack ed  most of 
the t r e e s  examined, i t  was d i f f i c u l t  a t  tim es to  determ ine which in s e c t  
was the  prim ary cause of d ea th . VJhen Dendroctonus and Ips a ttack ed  the 
same y ea r and the Dendroctonus developed normal broods, i t  was the prim ­
a ry  p e s t .  When the  Dendroctonus fo r  some reason  d id  not develop normal 
broods and the ^ s  d id , then  the  Ips was considered th e  prim ary p e s t .
The Dendroctonus sp ec ies  considered  prim ary was the one which was found 
p re se n t on a l l  fo u r s id e s  o f the  t r e e  a t  the low est p o in t on the b o le .
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■yilhen two sp ec ies  of Dendroctonus a ttack ed  th e  bole a t  the  same le v e l  
the  one w ith  the most advanced brood development was considered  prim ary . 
Year k i l l e d . —F oliage co lo r  was the f i r s t  index; s o r r e l  need les d e s ig ­
nated  a c u r re n t a t ta c k , yellow  one of the  p a s t  season and red  an old 
a t ta c k .  The r e te n t io n  of the need les a lso  proved to  be a good index 
w ith  UO to  50 p e rc en t r e te n t io n  u su a lly  in d ic a tin g  th a t  the t re e  had 
been dead two y e a rs . The presence o f in s e c ts ,  however, was the  b e s t 
index o f the d a te  of d ea th . P aren t a d u lt  b e e t le s ,  la rv ae  or new a d u lts  
in  the  month o f August u su a lly  denoted an a tta c k  in  p ro g ress  o f whatever 
sp ec ies  was found. The presence o f p a ren t a d u lts  any time a f t e r  f l i g h t  
season s ta r te d  denoted an a tta c k  in  p ro g re ss . New a d u lts  o r half-grow n 
la rv ae  in  the  spring  denoted an a tta c k  the preceding  f a l l .  Dendroctonus 
abandoned t r e e s  w ith  Ips broods f i l l i n g  in  a lso  denoted an a tta c k  the 
p rev ious season. When the  Dendroctonus and Ips new a d u lt b e e t le s  had 
abandoned the t r e e  and o th e r in s e c ts  had not f i l l e d  in  th e  u n in fe s ted  
cambium the  a tta c k  was considered  to  be two seasons p rev io u s .
Subsequent Cambium Examination 
The bole cambiums of the f e l le d  t r e e s  were examined to  determ ine 
the p a t te r n  o f Dendroctonus and Ips a tta c k s  between the stump and the 
upper ex trem ity . Sampling p o in ts ,  spaced 10 f e e t  a p a r t along the b o le , 
were e s ta b lis h e d  and the fo llow ing in fo rm ation  was recorded fo r  each 
p o in t:
1 ) Height of sampling p o in t above the stump
2 ) Bole d iam eter, o u ts id e  bark
3 ) For each o f the fo u r  s id es  o f the bole
a) the in s e c t  spec ies  p re se n t
b) the y ea r o f a tta c k  f o r  each sp ec ies
c ) th e  stage  o f brood fo r  each sp ecies
d) the  percen tage of cambium a rea  in fe s te d .
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A c o l le c t io n  o f a d u lt  in s e c ts  was taken  where p o ss ib le  from the 
a rea  o f  the  cambium in  which the  ty p ic a l  m onticolae-ponderosae g a l le ry  
p a t te r n  appeared, F igure 3 . These in se c ts  were p reserved  in  70 p e rcen t 
a lco h o l, lab e led  and reserv ed  fo r  fu tu re  id e n t i f ic a t io n  by the In se c t 
I d e n t i f ic a t io n  and P a ra s ite  In tro d u c tio n  S ectio n , Entomology Research 
Branch, A g ric u ltu ra l Research S erv ice , B e l t s v i l le ,  M aryland.
To a id  in  th e  c l a s s i f ic a t io n  o f the h o s t, the fo llow ing samples 
were taken  from each t r e e :
1) 100 f a s c ic le s  from the  lower croivn
2) 100 f a s c ic le s  from the  upper crown.
The percen tage o f th re e -  and tw o-needled f a s c ic le s  and th e  s t i f f ­
ness o r f l e x i b i l i t y  of the needle were reco rded . The len g th s  of the
ten  s h o r te s t  and ten  lo n g est need les  were averaged to  g ive a measure 
of the  range of needle le n g th .
OBSERVATIONS AND DISCUSSION
The f ie ld  measurements fo r  19^6 were arranged fo r  convenience in  
Appendix Table 6 . The samples were arranged in  Table 1 to  show the 
percen tage o f stems k i l l e d  by each of th ree  in s e c ts  in  the fou r a re a s . 
The d a ta  were analysed by the C hi-square a n a ly s is  to  determ ine i f  the 
d if fe re n c e  between the  in s e c t  complex o f the fou r a reas  was s t a t i s t i c ­
a l ly  s ig n i f ic a n t .  The d iffe re n c e  due to  chance between a l l  the  a reas  
excep t I I  and I I I  was equal to  a p ro b a b i l i ty  value of one p e rcen t or 
l e s s ,  o r the odds due to  chance were one in  one hundred.
No a ttem pt was made to  sep a ra te  the  t r e e s  k i l l e d  by the mountain 
p ine  b e e t le  from those k i l le d  by the  Black H ills  b e e t le .  The c o lle c t io n  
made o f th ese  in s e c ts  ac ro ss  the  S ta te  was sen t to  the Entomology
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Research Branch, A .R .S ., B e l t s v i l l e ,  Maryland. The Branch advised th a t
i t  was unable to  d is t in g u is h  any m orphological d iffe re n c e s  in  the s e r ie s .
Research i s  in  p ro g ress  in  F o rt C o llin s , Colorado; B e l ts v i l le ,  Maryland
and Provo, Utah to  in v e s tig a te  the  p o s s ib i l i ty  th a t  these  two in s e c ts
a re  a c tu a l ly  one sp ec ie s . The c o l le c t io n  from th is  study i s  now a t
B e l ts v i l le  undergoing f u r th e r  study fo r  t h i s  purpose. In  the rem ainder
of t h i s  p o r tio n  of th i s  th e s is  the terms mountain p ine b e e tle  or D.
m onticolae-ponderosae are  used in  connection  w ith  the  occurrence o f
e i th e r  the mountain p ine b e e tle  or th e  Black H ills  b e e t le .
Table 1 . —Percentage d is t r ib u t io n  of k i l le d  tr e e s  by sample a re a , 
prim ary p e s t  and needle f a s c ic le  v a r ia t io n ,  season 1956
Percentage k i l le d  by Percentage of
Area
Number 
of t r e e s
D. m ontico lae- 




f a s c ic le s
I 20 0 80 20 100
I I 32 8ii 3 13 100
I I I Ui 100 0 0 88
IV 70 Uii 0 56 17
The percen tage o f th ree -n eed led  f a s c ic le s  in each area  i s  a m atter
of c u r io s i ty  only because the  f a s c ic le  c la s se s  of the  study tre e s  over­
lapped the  a reas  o f d i f f e r e n t  in s e c t  p o p u la tio n s . However, a rea  IV 
has a d i s t i n c t  in s e c t  p o p u la tio n  and a lso  shows the g r e a te s t  d iffe re n c e  
in  the  percen tage of th re e -n eed led  f a s c ic le s .
The needle len g h t of th e  study t re e s  i s  no t recorded  because i t  
d id  no t appear to  be s ig n i f ic a n t .  N either was the  f l e x i b i l i t y  recorded 
because the  measurement was n o t s tan d ard ized  and was too su b jec tiv e  to  
have s ig n if ic a n c e . The th ick n ess  o f bark a t  the  p o in t o f sampling 
could have been recorded to  determ ine i f  th e re  was any c o r re la t io n  be­
tween the  th ic k n ess  o f bark and the  sp ec ies  o f in s e c t  p re se n t.
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Since th e  number of stems k i l l e d  by bark b e e tle s  does no t always 
give a tru e  p ic tu re  o f  the  b io t ic  p o te n t ia l  o f an in s e c t  in  endemic 
p o p u la tio n s , the b o a rd -fo o t volumes o f the  t r e e s  k i l l e d  were a lso  com­
p ared . This in fo rm ation  i s  shown in  Table 2. The p ercen tages in  th is  
ta b le  do not vary  g re a t ly  from those  shown in  Table 1,
Table 2 ,—Percentage d is t r ib u t io n  o f k i l l e d  t r e e  volume by sample 
a re a , prim ary in s e c t  p e s t  and average tre e  volume, season 19^6
Percentage k i l l e d  by Average
T o ta l D. m o n tico lae- t r e e
Area volume ponderosae D. brevicom is Ips e tc .  volume
I 18,230 0 86 11 911
I I 23,120 87 1 12 722
I I I 8,080 100 0 0 197
IV 13,020 39 0 61 186
The d is t r ib u t io n  o f th e  percen tage of volume a ttack ed  bu t no t 
n e c e s sa r i ly  k i l le d  by each of th re e  in s e c t  sp ec ies  in  fo u r a reas  i s  
shown in  Table 3* I t  in d ic a te s  th a t  l )  the w estern  pine b e e tle  was no t 
found e a s t  of the  C o n tin en ta l D iv ide, 2) the mountain pine b e e tle  was 
p re se n t in  p r a c t ic a l ly  a l l  p ine s tands in  th e  S ta te  and 3) Ips sp ec ies  
was found in  a l l  th e  p ine stands in  the S ta te .  The mountain pine 
b e e tle  was no t found in  samples from Columbus, Ashland and F o rt Howes. 
The a c tu a l  p ercen tag es in  a reas  I I ,  I I I  and IV do not p re se n t a tru e  
p ic tu re  because the  t o t a l  volume in c lu d es  some t re e s  on which only a 
b a sa l a n a ly s is  was com pleted. Consequently some t r e e s  may have had 
a d d it io n a l sp ec ies  o f in s e c ts  in  th e  upper p o r tio n  o f the bo le  which, 
in  most c a se s , would probably  have been Ips sp e c ie s . This would have 
r a is e d  the  percen tage o f volume a ttack ed  by Ip s  in  each of these  th re e  
sam ples.
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Table 3»—Percentage d is t r ib u t io n  of volume o f t r e e s  showing a tta c k s  
o f any bark b e e t le s ,  by sample a rea  and b e e tle  spec ies
Area
T o ta l
volume
Percentage a ttack ed  by
D. m o n tico lae- 
ponderosae D. brevicom is Ips e t c .
I 18,230 23 95 100
I I 23,120 98 h 72
I I I 8,080 100 0 52
IV 13,020 39 0 78
Keen(13 ) rep o rted  th a t  72 p e rc e n t of the t o t a l  volume of p ine t r e e s  
k i l l e d  by the  w estern  p ine b e e tle  was u s u a lly  in  c la s se s  30 , 3P  ̂ UC and 
UD. The d is t r ib u t io n  o f th e  percen tage o f t o t a l  in fe s te d  tre e  volume 
by study a rea  and Keen o r Hornibrook c la s s i f ic a t io n  i s  shown in  Table U. 
This d is t r ib u t io n  shows th a t  in  the e a s te rn  p a r t  of the S ta te  a h igher 
p ro p o rtio n  o f the  t r e e  m o rta li ty  i s  in  younger t r e e s  w ith  good crowns. 
The younger t r e e s  in  a rea  IV may p o ss ib ly  be the  reason  fo r  the higher 
p ro p o rtio n  of t r e e s  k i l le d  by Ips sp ec ies  in d ic a te d  in  Table 2 , The 
more v igorous crowns, to o , may be the  r e s u l t  o f poo rer stocking  o f  th is  
a re a .
I n .1951(9 ) ^ s e r ie s  of t r e e  stems was analyzed f o r  bark b e e tle  
in f e s ta t io n  p a t te rn s  an a rea  I ;  o th e r  s e r ie s  o f t r e e s  were analyzed 
in  a reas  I  and I I  in  195U and 1956. The analyses have been summar­
ized  and the  v a r ia t io n  in  b e e tle -c au se d  m o r ta li ty  in  each y ear i s  
shown in  Table 5» This ta b u la tio n  shows th a t  the p ro p o rtio n  o f t r e e s  
k i l l e d  in  each sample by each o f th ese  in s e c ts  in  an endemic p o p u la tio n  
f lu c tu a te s  from y ea r to  y e a r . The im portan t f a c t  i s  th a t  both sp ec ies  
o f  Dendroctonus b e e tle s  were p re se n t in  each y ea r and were p rim ary  p e s ts  
o f m ature and overm ature ponderosa p ine  t r e e s .  I t  may be o f in t e r e s t  
to  note th a t  the  p o p u la tio n  o f the  m ountain p ine  b e e tle  appears to  be
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on the in c rea se  in  the  L incoln  d i s t r i c t  o f a rea  I I ,  This i s  causing 
some concern among the r e s id e n ts  o f the  town as they  see p a tch es of 
y ellow  to p s , k i l l e d  t r e e s ,  on the h i l l s i d e s .
Table U»—D is tr ib u tio n  o f in fe s te d  t r e e s  by Keen o r Hornibrook t r e e  
c l a s s i f i c a t io n ,  percen tage o f volume b a s is ,  season of 19^6
Tree Percentage of t o t a l  volume in  area
c la s s I I I I I I IV
2A _ _ 1
B - 1 — 2
C
T\
- - - 8
U
3A _ 1
B 15 8 8 1
C h 33 10 2
D - 3 — —
hA - - 22 2
B 25 7 h i 2k
C 53 39 18 56
D 3 9 - h
30, 3D, kC and UD 60 81 28 62
Table 5»—V aria tio n  in  b e e tle -cau sed  pine t r e e  m o rta lity  in  two study 
a reas  in  19^1 , 19^h and 1956, percentage b a s is
Number of Percentage o f t r e e s  k i l le d  by
Year
t r e e s  in  
sample
D. m ontico lae- 
ponderosae D. brevicom is Ips e tc .
Area I
1951 29 0 55 b5
195b 25 0 88 12
1956 20 0 80 20
Area I I
1951 - - - -
195b 28 b6 21 33
1955 32 8b 3 13
To show the  p a t te r n  of bole in f e s ta t io n  by sc o ly tid  b e e tle s , th e  
t r e e s  in  each a rea  were grouped in to  d iam eter c la s se s  and each diam­
e te r  c la s s  was subdivided in to  t r e e s  a ttack ed  by d i f f e r e n t  com binations
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of sp ec ies  of in s e c ts .  For each su b d iv is io n , averages were determ ined 
fo r  stump d iam eter, h e ig h t, top  d iam eter and the upper and lower l im its  
o f a t ta c k  o f each sp ec ies  p re s e n t .  F igure 5 shows the  p a t te rn  of bole 
in f e s ta t io n  in  a rea  I  fo r  the  y ears  19^1, 195U and 1956, S im ila rly  
F igure 6 shows the  p a t te r n  of bo le  in f e s ta t io n  in  a rea  I I  fo r  the 
samples obtained  in  195U and 1956, Figure 7 shows the bole in f e s ta ­
t io n  p a t te r n  in  a l l  fou r a reas  in  1956,
The d a ta  fo r  the bole in f e s ta t io n  p a tte rn s  came from the analyses 
of 29 tre e s  in  1951 (9 ), 53 t r e e s  in  195k and Bii t r e e s  in  1956, Of 
the  8U tre e s  f e l le d  and examined in  1956, the prim ary cause of d ea th  
had been c o r re c t ly  p re d ic te d  from the b a sa l an a ly s is  in  91 p e rcen t of 
the t r e e s ,  and in c o r re c t ly  fo r  one p e rc e n t. E igh t p e rcen t could no t 
be determ ined.
The a n a ly s is  o f the subsequently  f e l le d  t r e e s  revealed  consid­
e ra b le  v a r ia t io n  in  the p a t te rn  o f in f e s ta t io n ,  so much, in  f a c t ,  
th a t  i t  was d i f f i c u l t  to  draw any b u t the most p re lim in ary  conclu sio n s . 
In  g en e ra l th e  w estern  p ine b e e tle  a ttack ed  a t  the base and extended 
i t s  a tta c k  to  the m id -p art of the b o le . The e x te n t of i t s  a tta c k  
may have depended on the o v e ra ll  th ick n ess  of the b ark . The moun­
ta in  p ine b e e t le ,  when in  company w ith  the w estern  pine b e e t le ,  gen­
e r a l ly  a ttack ed  a t  a h igher p o in t on the  b o le . When the mountain pine 
b e e tle  a ttack ed  the t r e e  alone o r in  the company o f Ip s , the a tta c k  
could extend from the base to  the  top of the t r e e .  Ips a ttack ed  any­
where on the b o le , b u t g e n e ra lly  in  the  upper p o r tio n  of the b o le .
The e x te n t o f the Ip s  a tta c k s  appeared to  depend upon the sp e c ie s .
The la rg e r  sp ec ies  a ttack ed  the lower p o r tio n  o f the  bole and the
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Cambium dead a t time o f s c o ly tid  a tta c k
Dendroctonus brevicomis
Average stump diam eter , , . . . 
Number o f trees  w ith  th is  pattern  
Diameter class .....................................
3b Trees 
36 - 60" Trees
-30-
ol« Infestation patterns of icoiytlfl beetles on tree
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I
I
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?1-
F I ywr# 6  • — Bole in fe s ta tio n  
sampled in sti
f  s c o ly tid  w e t le s  on
e years 1
I
8 15'* 14" 13" 18" 20" 26" 28" 29" • 27" 50" 57"
3 Trees 1 Tree 2 Trees 1 Tree 3 Trees 1 Tree 1 Tree 6 Trees 8 Trees 1 Tree 1 Tr
II
I Tree 1 Tree 1 Tree 1 Tree








sm alle r sp ec ies  a ttack ed  the  upper p o r tio n  o f the  bole where the  bark 
was le s s  th ic k .  This p a t te rn  of bole in f e s ta t io n  was ev id en t in  a l l  
fo u r s tudy  a reas  in  which the re sp e c tiv e  in s e c ts  were found.
A STUDY OF THE EFFECTIVENESS OF THE RATING 
SYSTEM ON SAMPLE PLOTS IN MONTANA 
INTRODUCTION
This experim ent, e s ta b lis h e d  between 1950 and 1952, was the f i r s t  
to  o b ta in  s c ie n t i f i c  d a ta  regard ing  the p o s s i b i l i t i e s  of applying the 
r i s k  r a t in g  system as a bark  b e e tle  c o n tro l method in  Montana* I t  was 
e s ta b lis h e d  by the form er Bureau o f Entomology and P la n t Q uarin tine and 
has been continued  since November, 1953 under the d ire c t io n  o f the I n t -  
mountain F o re s t and Range Experiment S ta tio n , U.S. F o rest S erv ice . The 
experim ent i s  to  continue fo r  a t o t a l  period  of approxim ately 10 y e a rs . 
The f i r s t  p ro g ress  rep o rt(ID ) summarized the f i e ld  d a ta  obtained  from 
17 te n -a c re  s tudy  p lo ts  through 1953.
The f i r s t  b ie n n ia l  c ru ise  to  reco rd  the amount and cause of dead 
and dying tim ber on the  p lo ts  was completed in  195U. The second c ru ise  
was completed in  1956 by the au th o r. The m a te r ia l  p resen ted  here con­
s t i t u t e s  the second re p o r t .  I t  in c lu d es  o f n e c e s s ity  much o f the ma­
t e r i a l  in  th e  f i r s t  r e p o r t  to g e th e r w ith  an a n a ly s is  of the p ine mor­
t a l i t y  c ru is e s  o f 195U and 1956.
OBJECTIVES
"The major o b je c tiv e  o f the  study i s  to  determ ine the 
degree to  which the  w estern  p ine b e e tle  w i l l  a t ta c k  t r e e s  of 
d i f f e r e n t  r i s k  ra t in g s  in  th is  re g io n . Other o b je c tiv e s  in ­
clude (1 ) in q u iry  in to  the p revalence o f high r is k  t r e e s  in  
ty p ic a l  operab le  pine s tan d s , (2 ) th e  r a te  and p o ss ib le  cause 
o f the change in  the r i s k  r a t in g  of some of the  t r e e s ,  (3) 
th e  ro le  of o th e r in s e c ts  in  co n d itio n in g  low v ig o r t r e e s  to  
a tta c k  by the  w estern  p ine b e e t le ,  and (U) th e  dem onstration  
o f c h a r a c te r is t i c s  of t r e e s  of d i f f e r e n t  r i s k  and o f the  




Seventeen p lo t s ,  approxim ately te n  ac res  each, were e s ta b lish e d  
re p re se n tin g  v ario u s  growing co n d itio n s  in  v irg in  ponderosa pine f o r ­
e s ts  in  Montana. At the  time of estab lish m en t the fo llow ing inform a­
t io n  was recorded  fo r  each p lo t :
1) For every  t re e  12 inches DBH and over
a) DBH
b) h e ig h t in  l6 - fo o t  logs
c) S cribner b o ard -fo o t volume
2) Number o f t r e e s  by sp ec ies
3) For each ponderosa p ine t r e e  12 inches DBH and over
a) Keen t re e  c la s s
b) r i s k  r a t in g .
A s e r i a l  number assigned  to  each ponderosa pine tre e  was shown on 
an embossed aluminum tag  n a ile d  to  the tre e  below stump h e ig h t. The 
r i s k  r a t in g  was then  in d ic a te d  by fo u r- in c h  w hite spo ts app lied  to  the 
lower bole o f each t r e e  by a p re ssu re -ty p e  hand p a in t  sp ray er.
Some o f the p lo ts  were o r ig in a l ly  r is k - r a te d  o c u la rly  by P h ilip  
C. Johnson of the In term ountain  S ta tio n  in  1952} but in  1953 and 195L 
he r e - r a te d  th ese  p lo ts  using  the p e n a lty  system developed by K een(l). 
As a r e s u l t  o f the r e - r a t in g  the  r i s k  ra t in g  o f 290 of 2,981 tre e s  was 
changed. Of th e  290 t r e e s  changed, 2$U had the r i s k  ra t in g  increased  
and 36 had i t  decreased . The g r e a te s t  change was in  the r e - r a t in g  of 
I 9U t r e e s  from r is k  1 to  r i s k  2, 50 t r e e s  from r is k  2 to  r is k  3 and 17 
t r e e s  from r i s k  3 to  r i s k  2 . The most im portan t changes were in  e i th e r  
d i r e c t io n  between r i s k  2 and r is k  3 , fo r  th i s  i s  regarded  as the  d iv id ­
ing l in e  between high and low r i s k  t r e e s ;  i . e . ,  t r e e s  th a t  would or 
would no t be c u t in  a s a n ita tio n -sa lv a g e  c u t t in g .
This experience  in d ic a te s  th e  n e c e s s ity  o f co n s tan t t ra in in g  in  
the use o f a r i s k  r a t in g  system and the d e s i r a b i l i t y  of a guide such 
as the  p e n a lty  system .
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DISCUSSION
Since th e i r  o r ig in a l  e s tab lish m en t some of the p lo ts  have su ffe red  
lo sse s  from unfo rseen  cau ses. Three p lo ts  were s tru ck  by v io le n t  winds 
in  December 195^ and the  subsequent salvage of uprooted t r e e s  was con­
ducted in  19^6, One o f th ese  p lo ts  has been p r a c t ic a l ly  destroyed  fo r  
fu tu re  o b se rv a tio n s  as p a r t  of th i s  experim ent.
A sa n ita t io n -sa lv a g e  c u ttin g  on one of the p lo ts  in  the w in te r of 
19^0-51  removed approxim ately 35 p e rcen t of the stand which included 
most o f the  r i s k  3 and U t r e e s .
Stand in v e n to r ie s  on a l l  the p lo ts  in d ica ted  the occurrence of 
h igh r i s k  t r e e s  in  a ty p ic a l  operable p ine stand in  Montana, (Appendix 
Tables 7 and 8 ) .  The p lo t  stands averaged 27,1  t r e e s  and 17,880 board 
f e e t  p e r acre  o f ponderosa p ine on a t o t a l  of 155 a c re s . Of th i s  volume 
lU .9  p e rcen t o r 2,661; board f e e t  were in  high r is k  t r e e s  most su scep t­
ib le  to  b e e tle  a t ta c k .  The high r i s k  tr e e s  averaged 865 board f e e t  p e r
tre e  or 215 board f e e t  more than  the average of a l l  the pine t r e e s  in
the  s ta n d s . This in d ic a te s  th a t  r i s k  3 and U tr e e s  tend to  be la rg e r
than  the average tre e  during  endemic p o r tio n  o f an in f e s ta t io n  cy c le .
The d a ta  on the growth r a te  of 383 t r e e s  s itu a te d  on fo u r o f the 
r i s k  p lo t s ,  re p o rte d  by S pencer(2 l) in d ica te d  th a t  low -risk  t r e e s  ex­
h i b i t  a f a s t e r  r a te  of growth than  do h ig h -r isk  t r e e s
The stand  s tru c tu re s  and the high r is k  tre e  c h a r a c te r is t ic s  o f 
the  i n t e r io r  ponderosa p ine type in  Montana and those of the P a c if ic  
Coast S ta te s  where th e  system o r ig in a te d  were found to  be s im ila r .
The study has no t p rog ressed  f a r  enough to  determ ine the  r a te  and 
p o ss ib le  cause of change in  the r i s k  r a t in g  o f some t r e e s ,  fo r  the  r e ­
r a t in g  o f o f  the t r e e s  i s  no t planned u n t i l  the  summer of 1958. Sim-
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i l a r l y  the ro le  o f  o th e r in s e c ts  in  cond itio n in g  low v ig o r tre e s  to  
a t ta c k  by the  w estern  p ine b e e tle  has n o t been in v e s tig a te d .
I t  i s  p o ss ib le  th a t  the  up roo ting  o f t r e e s  from severe winds to ­
g e th e r  w ith  t h e i r  subsequent salvage may cause a change in  the r is k  
r a t in g  of the  rem aining t r e e s  because of the  d is tu rb an ce  of the  ro o ts  
during the  wind storm and logging o p e ra tio n s , o r of the a tta c k s  of 
secondary in s e c ts  bred in  the s la s h .
A s tu d y (9) i s  s t i l l  in  p ro g ress  to  dem onstrate, by photography, 
the  c h a r a c te r is t i c s  o f d i f f e r e n t  r is k s  and the appearance o f these  
t r e e s  in  the  s ta n d s .
The m ajor o b je c tiv e  of th i s  s tudy , however, i s  to  determ ine the 
degree to  which the  w estern  p ine  b e e tle  w i l l  a tta c k  t re e s  o f d i f f e r e n t  
r i s k  r a t in g s  in  th i s  re g io n . To d a te  the records of the t r e e  m o rta lity  
on th e  p lo t s ,  a lthough  no t co n c lu siv e , in d ic a te  th a t  the w estern  pine 
b e e t le  i s  predom inantly  s e le c tin g  high r is k  tre e s  as h o s ts . Tables 6 
and 7 in d ic a te  th a t ,  o f 18 t r e e s  k i l le d  by bark b e e tle s  IS or 83.3 
p e rce n t were high r i s k  t r e e s .
The r e s u l t s  thus f a r  must be regarded as p re lim in a ry , fo r  the 
study was designed to  be continued fo r  ano ther s ix  y e a rs . The slow r a te  
of accum ulation of t r e e  m o rta li ty  may extend th i s  p e rio d .
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Table 6 . —-Summary o f the ponderosa p ine t r e e s  k i l le d  by bark b e e tle s  
on the r i s k  p lo t s ,  August^ 1 9 ^  '
Number of r i s k  2 t re e s
Number o f r i s k  3 t r e e s
Number of r i s k  U t r e e s
Number of r i s k  3 and I4. t r e e s
T otal
Volume in  r i s k  2 t r e e s
Volume in  r i s k  3 t r e e s
Volume in  r i s k  k t r e e s








2 18 3 16.7
2 18 3 16.7
7 6U 12 66.6
9 82 15 83.3
11 18
1,870 25 2,910 17
910 12 1 , 6U0 10
U,580 63 13, 21:0 73
5,190 75 Hi, 880 83
7,360 17,890
Table 7 .—Risk r a t in g  of ponderosa p ine t r e e s  k i l le d  by bark b e e tle s  
on r i s k  p lo t s ,  August, 195b
Beetle--k il le d tre e s











Loon Lake 160 180 1950 3 Db
86 730 1952 3 Db
85 U80 1953-s ii Db
70 600 19$h-'w h Db
71 760 195U-w h Db
Rexford 10 U80 19U9 2 Db
11 180 19ii9 h Db
77 1,020 1950 h Db
12 730 1956-s 3 Db
L incoln  A.C.M. 2,301 330 1953 h Dm
L i t t l e  B i t te r ro o t 325 1,390 1952-w 2 Db
R iver 326 830 1952-w h Db
F ish  Creek Forks 82 980 1953-s h Db
Longpre 581i 980 1952-w h Db
668 110 1952-w h Db
578 l,OliO 1955 2 Db
N. Fk. L i t t l e 557 3,100 1955 li Db
Thompson 
L i t t l e  Ranch 990 3,570 195U-S k Db
1956-g? PLAN OF WORK 
SANITATION-SALVAGE CUTTING PHASE 
INTRODUCTION
This p lan  o f work o u tl in e s  proposed sa n ita tio n -sa lv a g e  c u ttin g  to  
t e s t  th e  e f fe c tiv e n e s s  o f th e  ponderosa p ine r is k  r a t in g  system as a 
bark b e e tle  c o n tro l device on the P iq u e tt Creek Experim ental F o rest 
o f the In term ountain  F o rest and Range Experiment S ta tio n . The c u ttin g s  
w i l l  be made p a r t  o f S ta tio n  l in e  p ro je c ts  FS-2-11-1-INT, " tre e  c la s s ­
i f i c a t i o n  based upon s u s c e p t ib i l i ty  to  p ine b e e tle s "  and FS-2-11-2-INT, 
"development o f p ine b e e tle  c o n tro l through se le c tiv e  logging".
The s tudy  can a lso  be considered  as one phase of an experim ental 
program in  s i l v i c u l tu r a l  management of ponderosa pine fo re s ts  being 
undertaken  by the  M issoula Research Center of the In term ountain  F o rest 
and Range Experiment S ta tio n . Consequently, the study i s  being planned 
c o o p e ra tiv e ly  by the  School o f F o re s try  of Montana S ta te  U n iv ersity  and 
by the  M issoula F o re s t In se c t Laboratory  and the M issoula Research Cen­
t e r  o f the  In term ountain  S ta tio n .
I t  becomes a coopera tive  endeavor between the  In term ountain  F o rest 
and Range Experiment S ta tio n  and Montana S ta te  U n iv ersity  under terms 
of the  memorandum of understand ing  between the U n iv e rs ity  and the For­
e s t  S e rv ic e , U. S. Department o f A g ric u ltu re , dated January  26, 1952.
The fo llow ing  q u es tio n s  w i l l  be in v e s tig a te d  during  the course 
o f the s tudy;
1) W ill the removal of th e  h igh r is k  t r e e s  of the  r a t in g  sys­
tem s ig n i f ic a n t ly  reduce the  number and b o ard -fo o t volume 
of t r e e s  subsequen tly  k i l l e d  by bark b e e tle s?
2) Do the  w estern  p ine  b e e t le  and the  mountain pine b e e tle
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p re fe ra b ly  a tta c k  the  high  r is k  t r e e s  of the ra t in g  system?
3) W ill the removal o f the  h igh r i s k  tr e e s  o f the ra t in g  system 
s ig n i f ic a n t ly  in flu e n c e  the subsequent ra t in g  of the t re e s  
of th e  r e s id u a l  stand?
k) W ill the  removal o f the  high  r is k  tr e e s  o f the r a t in g  system, 
to g e th e r  w ith  an a d d it io n a l s i lv ic u l tu r a l  improvement c u t t ­
in g , s ig n i f ic a n t ly  in flu en ce  the  subsequent ra t in g  of the 
t r e e s  in  the r e s id u a l  stand?
5) For how long a p erio d  o f time w i l l  each of the two trea tm en ts  
be e f f e c t iv e  in  p ro te c tin g  the stand from Dendroctonus 
a tta c k s?
OBJECTIVES
1) To t e s t  the  e f fe c tiv e n e s s  of the ponderosa pine r i s k  r a t in g  
system f o r  the  c o n tro l of bark b e e t le s  (Dendroctonus spp .) 
in  th e  P iq u e tt  Creek Experim ental F o res t, Montana.
2) To compare the subsequent r i s k  ra t in g  of ponderosa p ines 
a f t e r  e i th e r  o f two tre a tm e n ts ; a) removal of a l l  r is k
3 and U t r e e s  o f th e  system , b) removal of a l l  r is k  3 
and U t r e e s  of the  system to g e th e r  w ith  a d d itio n a l s i l v i -  
c u l tu r a l ly  u n d e s irab le  t r e e s ,  the t o t a l  cu t not to  exceed 
approxim ately  33 l /3  p e rc en t o f the  mature ponderosa pine 
b o a rd -fo o t volume or UO p e rc en t of the volume of mature 
t r e e s  o f a l l  species*
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PROCEDURE 
Locale of Study
The s a n ita tio n -sa lv a g e  c u tt in g s  contem plated in  th i s  study p lan  
■will be made on the  P iq u e tt  Creek Experim ental F o re s t. The F o rest i s  
a 5 , 330-a c re  t r a c t  of mature and overmature ponderosa p ine s itu a te d  in  
the P iq u e tt  Creek and V io le t Greek d ra in ag es of the B it te r ro o t  N ational 
F o re s t—p a r ts  or a l l  o f S ec tions 1 to  3 in c lu s iv e , 9 to  16 in c lu s iv e  
and 23 and 2U; Township 1 North; Range 21 West; P r in c ip a l M eridian, 
Montana (see m aps).
The t e r r a in  i s  mountainous w ith  s teep  s lo p es , w ell defined  sharp 
r id g e s , and w ith  very  l i t t l e  f l a t  o r g e n tly  r o l l in g  land . The e leva­
t io n  ranges from U,177 to  7,U75 f e e t  above sea le v e l ,  a spread of 
approxim a'tely 3 ,300 f e e t .  The mean e le v a tio n  i s  5,000 f e e t ^ .
The experim en tal f o r e s t  has been s e t  a s id e  by the Interm ountain  
S ta tio n  as a workshop fo r  the developm ent, t e s t in g ,  and dem onstration 
of ponderosa p ine management tech n iq u es , none of which have been under­
taken  on th i s  a rea  a t  th i s  "w riting. The f o re s t  i s  a t  p re se n t undevel­
oped excep t fo r  a few horse t r a i l s .
Approximately 80 p e rce n t o f the  land su rface  of the experim ental 
f o r e s t  supports  the  i n t e r i o r  ponderosa p ine ty p e , predom inantly Keen 
3 , m ature, and U, overm ature, age c la s s e s .  Fine tim ber volumes average 
ll,7 liO  board f e e t  p e r  a c re , of which 2,580  are  in  r i s k  3 and U tr e e s  
o f the  r a t in g  system and 3 ,380 board f e e t  in  r i s k  3 and k t r e e s  and 
a d d it io n a l s i I v ic u l tu r a l ly  u n d e s irab le  t r e e s  to g e th e r , A sm all
^  M odlin, A, 0 . Report on the  survey of the P iq u e tt  Greek Experim ental 
F o re s t boundary. Report o f the  D iv is io n  of E ngineering , F o rest S erv ice , 
Region One, M issoula, Montana. (19i;0),
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F le u r*  9 .
V I O L E T  C R E E K  D R A I N A G E
PIQUETT CREEK 
EXPERIMENTAL FOREST
M O N TA N A
CoJirMr lAUrval* 100 fisr.
-Wi-
amount o f Douglas—f i r  a lso  i s  p re se n t on the experim ental f o r e s t^ / .
Study Area
The s a n ita t io n —salvage c u ttin g s  w il l  be confined to  the V io le t 
Creek drainage c o n s is tin g  of a l l  or p a r t  of Sections 9, 10, 15 and 
l6 j  Township 1 North; Range 21 West; P r in c ip a l M eridian, Montana.
Experim ental Design 
The experim ent w i l l  c o n s is t  of th ree  tre a tm en ts , includ ing  the 
check, on th re e  d i f f e r e n t  stand d e n s ity  c la s s i f ic a t io n s ,  l ig h t ,  medium 
and heavy, r e p l ic a te d  once. Heavy d e n s ity  i s  above 13,500 b.m. p er 
ac re ; medium d e n s ity , 7,000 to  13,500 b.m. p e r acre and l ig h t  d e n s ity , 
below 7 ,0 0 0 'b.m. p e r a c re . I t  i s  p o ss ib le  th a t  the l ig h t  d e n s ity  
trea tm en ts  may n o t be included in  the experim ent because o f the lim ite d  
amount of th i s  stand d e n s ity  in  the  V io le t Creek d ra in ag e .
Table 8 .—Suggested number o f trea tm en ts  by stand d e n s ity  c la s se s
Stand d e n s ity  c la s s
L ight Medium Heavy
Check 2 2 2
Treatm ent 1 2 2 2
Treatment 2 2 2 2
C utting  Treatm ents 
Two c u ttin g  trea tm en ts  and comparable u n tre a ted  checks w i l l  be
l /  T ackle, David; Baldwin, Richard E . ; and Hunter, Charles R. Data 
ob ta ined  from a tim ber survey o f the  P iq u e tt  Creek Experim ental F o rest, 
Inform al r e p o r t  o f the  M issoula Research C enter, I .F .  & R .E .S ., and 
B i t te r ro o t  N ational F o re s t, F o rest S erv ice , M issoula, Montana. (S ep t. 
and O c t., 195S)*
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employed on s e le c te d  sample p lo ts  in  each o f the th re e  study a re a s .
Treatm ent I . —C utting  to  remove only  the  r is k  3 and U ponderosa 
p ine t r e e s ,  12 inches DBH and over.
Treatm ent I I» —C utting  to  remove the  fo llow ing tre e s  la rg e r  than 
12 inches DBH:
1) Risk 3 and U ponderosa p ine tr e e s
2) A d d itio n a l s i l v i c u l tu r a l l y  u n d esirab le  t r e e s  such as :
a) r e le a s e  o f ponderosa p ine groups
b) malformed t r e e s  such as fo rk ed , crooked, badly 
le a n in g , bad ly  f i r e  sc a rre d , o r h eav ily  d iseased
c) t r e e s  in  d i r e c t  space com petition  w ith  "leave" t r e e s .
Marking of r i s k  3 and U t r e e s  to  be c u t in  trea tm en ts  I  and I I  
w i l l  be done under the su p erv is io n  of the M issoula F o rest In se c t Lab­
o ra to ry . These t r e e s  may average about th re e  per acre  w ith  a t o t a l  of 
2,660 board f e e t  S cribner g ross  s c a l e d .  Marking of s i lv i c u l tu r a l ly  
u n d es irab le  t r e e s  to  be cu t in  trea tm en t I I  w i l l  be done under the  su­
p e rv is io n  o f the  M issoula Research C en ter. In  g e n e ra l, these  t r e e s  
should n o t add more than  an average o f 1,000 board f e e t  of pine or 
1 ,^00 board f e e t  p e r  acre  o f a l l  sp ec ies  to  be c u t under trea tm en t I I .
The t r e e s  to  be removed by bo th  trea tm en ts  w i l l  be cu t and removed 
by a logging c o n tra c to r  under the cooperative  d ire c t io n  of the tim ber 
management s t a f f  of the B i t te r ro o t  N ational F o rest and the  Intermoun­
ta in  S ta tio n . Sample p lo ts  and road lo c a tio n s  w i l l  have to  be planned 
to  p rev en t damage to  p lo t  t r e e s  by road c o n s tru c tio n  a c t i v i t i e s  in so fa r  
as p o s s ib le .  The p lo ts  should be lo ca ted  a t  a s u f f ic ie n t  d is ta n c e  from 
road r ig h ts -o f-w a y  th a t  road c o n s tru c tio n  o r the  completed road charac­
t e r i s t i c s  w i l l  no t s e r io u s ly  in flu e n c e  the n a tu ra l  growth and v ig o r of 
th e  p lo t  t r e e s .  I f  the  p lo ts  a re  e s ta b lis h e d  p r io r  to  the c o n s tru c tio n
^  op. c i t .  p . 1:1;
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of nearby ro a d s , c o n s tru c tio n  a c t i v i t i e s  and a tte n d a n t d istu rb an ce  of 
s o i l  and v e g e ta tio n  should be r e s t r i c t e d  to  the road rig h t-o f-w ay .
Sample P lo ts
S iz e .—The c u tt in g  trea tm en ts  and u n tre a te d  c o n tro l a reas  o u tlin ed  in  
t h i s  work p lan  w i l l  be confined to  a s e r ie s  of th ree  p lo ts  re p lic a te d  
once in  the  experim ental f o r e s t .  The p lo ts  may vary in  s ize  because 
of the  t e r r a in ,  b u t th i s  w i l l  be compensated fo r  in  the s t a t i s t i c a l  
a n a ly s is .  The suggested p lo t  s iz e  i s  20 a c re s .
The experim ent w i l l  u t i l i z e  120 ac res  o f each of the  th ree  stand 
d e n s i t ie s  or a t o t a l  o f 360 ac res  o f the f o r e s t .
A ll p lo ts  o f each trea tm en t s e r ie s  should be comparable in  acreage 
and s im ila r  in  stand  and s i t e  c h a r a c te r is t ic s  in s o fa r  as p o ss ib le ; in  
a d d itio n , i t  would be d e s ira b le  to  have them in  c lo se  proxim ity  to  each 
o th e r  and as n ea rly  re c ta n g u la r  as p o s s ib le .
Since the  g en e ra l trea tm en t of the d ra inage subsequently  under­
taken  by the  Research Center i s  expected to  be s im ila r  to  trea tm en t I I ,  
th e re  w i l l  be no b u f fe r  zone around the p lo t s .  The logging o p era to r 
w i l l  be cau tio n ed , when f e l l in g  t re e s  around the check p lo ts  to  do so 
w ith  a minimum o f d is tu rb an ce  to  t r e e s  in  the  p lo t s .  In  the event th a t  
a d i f f e r e n t  trea tm en t i s  conducted in  the g en e ra l a rea  in  the fu tu re ,  
a b u f fe r  zone to  p r o te c t  the  e s ta b lis h e d  p lo ts  w i l l  be s e t  up by the  
Research C en ter,
B oundaries .—P lo t boundaries w i l l  be e s ta b lish e d  by a compass and Abney 
l e v e 1 - t r a i l e r  chain  c losed  t r a v e r s e .  I f  p o s s ib le , one co rner of each 
p lo t  should be re fe ren ced  to  known land su b d iv is io n  co rn ers  by e i th e r  
conç)ass-pacing or compass and Abney l e v e l - t r a i l e r  chain  tr a v e rs e .  The
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p lo t  boundary l in e s  should be d e lin e a te d  by brushing and by p a in t  sym­
b o ls  on l in e  t r e e s .
P lo t  c o rn e rs , i f  p o s s ib le , should be marked by a four-by  fo u r-in ch  
cedar p o s t and corner number by a permanent m etal tag  and surrounded 
a t  the base w ith  ro ck s . I f  the  p lo t  i s  i r r e g u la r ,  boundary course 
changes should a lso  be s im ila r ly  s tak ed . A map w ith  a scale  of f iv e  
chains to  the  inch  should be made of each p lo t  and the  compass d e c lin ­
a t io n  shown th e reo n .
L o c a tio n .—Two s e r ie s  o f th re e  20-acre p lo ts  w i l l  be e s ta b lish e d  in  
V io le t Creek in  each of the  th re e  stand d e n s ity  c la s s i f ic a t io n s .  The 
lo c a tio n s  of a reas  o f the req u ired  stand d e n s i t ie s  are  as fo llow s:
L igh t d e n s i ty : Known a rea s  in  th i s  ca tegory  in  the V io le t Creek 
drainage a re  no t la rg e  enough to  be used in  th i s  s tudy .
Medium d e n s i ty : NW4 Sec. 10, SIB̂  NŴ  Sec. 10, or NE4 Sec. 9;
T .IN .; R.21W.; P.M.M.
Heavy d e n s i ty : NW|- SW4 Sec. 10 , SW4 SŴ  Sec. 10 , NEJ SW4 Sec. 9, 
SE4 51/1/4 Sec. 9, SE^ Sec. 9 , NE4 NE4 Sec. I 6 , SE4 SE4 Sec. I 6 ; 
T .IN .; R.21W.; P.M.M.
When lo c a tin g  the  p lo ts  due c o n s id e ra tio n  should be given to  p lo t  
sk id  ro ad s , th e  p o s s ib i l i t y  of wind damage to  r e s id u a l  t r e e s  on the 
p lo ts  and to  the p o s s ib i l i t y  of road developm ent, and s i lv i c u l tu r a l  
stand  tre a tm e n ts  ad jac en t to  the  p lo t s .
I n i t i a l  P lo t  Measurements 
Following the  es tab lish m en t o f the p lo t s ,  the  trea tm en ts  assigned 
to  each o f them w i l l  be determ ined in  a random manner.
On Treatm ent I  p l o t s .—A ll r i s k  3 and I4. ponderosa pine tre e s  w i l l  be
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measured fo r  DBH and, in  a d d itio n  to  being r is k  ra te d , they w il l  be 
c l a s s i f ie d  according to  the  Keen ponderosa pine tre e  c la s s i f ic a t io n ( 1 3 ) . 
These t r e e s  w il l  then  be marked fo r  c u t t in g .  No fu r th e r  p lo t  measure­
ments w i l l  be taken  u n t i l  th ese  t r e e s  are removed by the  logging 
o p e ra tio n .
Follow ing the  com pletion o f logg ing , t r e e s  o f a l l  species 12 inches 
DBH and la rg e r  w i l l  be la b e lle d  w ith  serially -num bered  m etal tags firm ­
ly  a ttach ed  to  the south  side of the b o le s , s ix  inches above the ground. 
The fo llow ing  measurements w i l l  be obtained  and recorded ;
1) For l iv in g  t r e e s  o f a l l  sp ec ie s :
a) sp ec ies
b) DBH to  the n e a re s t  even-numbered inch
c) the n a tu re  and s e v e r i ty  o f any logging damage
2) For liv in g  ponderosa p ine t r e e s
a) r i s k  ra t in g
b) Keen c la s s .
On Treatm ent I I  p l o t s . —A ll r i s k  3 and 1; ponderosa pine tr e e s  w il l  be 
measured fo r  DBH and, in  a d d itio n  to  being r is k  r a te d , they  w il l  be 
c la s s i f ie d  according to  th e  Keen ponderosa pine t r e e  c la s s i f ic a t io n .  
These t r e e s  w i l l  then  be marked fo r  c u t t in g . A ll o th e r tre e s  to  be c u t, 
item  2 page w i l l  be measured fo r  DBH, sp ec ies  recorded and marked 
fo r  c u t t in g .
Following the  com pletion o f logging on the p lo t s ,  a l l  t r e e s  12 
in ch es  DBH and la rg e r  w i l l  be la b e lle d  w ith  serially-num bered  m etal 
tag s  f irm ly  a ttach ed  to  the south  s id e  o f the  b o le s , s ix  inches 
above the  ground. The fo llow ing  measurements w i l l  be obtained and 
recorded  :
l )  For l iv in g  t r e e s  o f a l l  sp ec ie s :
a) sp ec ie s
b) DBH
c) th e  n a tu re  and s e v e r i ty  o f any logging damage
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2) For l iv in g  ponderosa p ine t r e e s ;
a) r i s k  ra t in g
b) Keen c la s s .
On Check p l o t s . —Label a l l  t r e e s  12 inches DBH and la rg e r  w ith  s e r ia l ly -  
numbered m etal ta g s  f irm ly  a ttach ed  to  the  south side of the b o les , s ix  
inches above the  ground. O btain and reco rd  the fo llow ing measurements:
1) For l iv in g  t r e e s  o f a l l  sp e c ie s :
a) sp ec ies
b) DBH
2) For l iv in g  ponderosa p ine t r e e s
a) r is k  r a t in g
b) Keen c la s s
3) For sound dead ponderosa p in e , stand ing  or f a l le n
a) DBH
b) whether s tand ing  (S) o r f a l le n  (F ).
P lo t Measurements S tandards 
Tree d ia m e te rs .—Tree d iam eters w i l l  be obtained  by the use of a 20- 
fo o t s te e l  d iam eter tape o r a Biltm ore s t ic k  a t  U|- f e e t  above the 
ground and p e rp en d icu la r  to  the bole a x is .  They w i l l  be recorded to  
the  n e a re s t even-numbered inch .
Tree h e ig h ts .— I f  a lo c a l  volume ta b le  a p p licab le  to  the P iq u e tt Creek 
Experim ental F o rest can be fu rn ish ed  by the M issoula Research C enter, 
no tre e  h e ig h t measurements w il l  be taken  on the p lo ts .  I f  tre e  heigh ts 
a re  to  be tak en , the  hypsometer on the Biltm ore s t ic k  w i l l  be used and 
the h e ig h ts  recorded in  term s o f l6 - fo o t  logs from a 12-inch stump 
h e ig h t to  an e ig h t- in c h  top bole d iam eter in s id e  the  bark .
Tree volum e.—Use lo c a l  volume ta b le  i f  a v a i la b le ,  o therw ise use the 
volume ta b le s  c u r re n tly  being used on the  B i t te r ro o t  N ational F o rest.
The a c tu a l  volume w i l l  be recorded  by adding the f in a l  zero to  the 
volume ob ta ined  from decim al ta b le s .
Risk r a t i n g .—The r i s k  r a t in g  of ponderosa p ine t r e e s  w i l l  be done by
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th e  use o f the Keen p en a lty  sy stem (l) (3 ^ ), p re fe ra b ly  by P h ilip  C. 
Johnson o f the  M issoula F o rest In s e c t  Laboratory  and/or P e te r J .  Dyson 
of Montana S ta te  U n iv e rs ity  or o th e rs  under th e i r  d i r e c t  superv ision . 
Keen c l a s s i f i c a t i o n .—This w i l l  be done by the same personnel who did 
the r i s k  r a t in g ,  u sing  th e  pub lished  c la s s i f i c a t io n ^ ! ) ) .
Subsequent P lo t  Measurements 
P o st-lo g g in g  measurements on a l l  p lo ts  w i l l  include l )  annual bee­
t l e - k i l l e d  t r e e  m o r ta l i ty ,  2 ) t r e e  m o r ta l i ty  from o th e r causes and 3 ) 
p e r io d ic  r e - r a t in g  of r i s k  and r e - c la s s i f i c a t io n  of Keen ag e-v igo r. 
Subsequent t r e e  m o r ta l i ty .—For 1) and 2) above, measure b ian n u a lly  
bu t reco rd  as annual the fo llow ing d a ta :
1) Tree number
2) Tree sp ec ies
3) Year of d ea th
U) Cause of d ea th  ( i f  in s e c ts ,  record  sp ec ies  i f  p o ss ib le )
I f  p o s s ib le ,  th e  cau sa l agent should be determ ined by climbing or 
f e l l in g  th e  t r e e  and making a bole a n a ly s is  to  determ ine the  prim ary 
in s e c t .  While t h i s  i s  d e s ir a b le ,  i t  may no t be p o ss ib le  because of 
lim ite d  funds and manpower. I f  the  t r e e  i s  no t f e l le d  or clim bed, 
cau sa l agen t must be determ ined from the  b a sa l in sp e c tio n  of the 
stand ing  t r e e .
P e rio d ic  r e - r a t i n g .—At f iv e -y e a r  in te rv a ls  fo llow ing logging , the 
ponderosa p ine t r e e s  w i l l  again  be r i s k - r a te d  and c la s s i f ie d  as to  
Keen age and v ig o r .
ESTIMATED TIME REQUIREMENTS FOR FIELD ACTIVITIES 
The tim e schedule f o r  f i e ld  a c t i v i t i e s  planned in  the study i s  
based on the  assum ptions th a t  l )  a tem porary f o o t- t r a v e l  or tru ck  t r a i l
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r iv e r  c ro ss in g  w i l l  be in s ta l l e d  a t  the mouth of V io le t Creek and 2) 
the two-man crew w i l l  work an e ig h t-h o u r day.
E s ta b lish in g  p lo ts .
1) Surveying p lo t  boundaries
1& days p e r  p lo t  (18 p lo ts )  27 crew days
2) Risk r a t in g  and reco rd ing
7 ac re s  p e r  day on check p lo ts  (120 ac re s)  18 " "
3) Marking t r e e s  fo r  c u tt in g  on tre a te d  p lo ts
1 p lo t  p e r  day (12 p lo ts )  12 " "
U) Subsequent r i s k  r a t in g  and reco rd in g  of
t re a te d  p lo t s ,  10 ac res  p e r  day (2liO ac re s)  2k " "
T o ta l 81 " "
EQUIPMENT REQUIRED
Surveying crew of two men.
1 tw o-chain  t r a i l e r  tape 
1 s t a f f  compass 
1 topographic Abney le v e l  
1 3& -lb. d o u b le -b it  axe 
1 22- lb .  d o u b le -b it  axe 
1 p re ssu re  p a in t  gun 
10 g a l .  t r e e  marking p a in t  packed in  1 p t .  cans 
1 h a lf  l e t t e r - s i z e  tatum  ho ld er 
1 l e t t e r - s i z e  tatum  ho lder 
1 dozen 3H p e n c ils  
1 box of s o f t  b lack  lumber crayon 
1 shovel 
1 P u la sk i to o l
Supply of re q u ire d  f ie ld  forms 
Supply o f co rner p o s ts
Risk r a t in g  crew of two men.
18 s e r ie s  m etal ta g s ,  numbered 1-700 
^ lb s .  sh in g le  o r l a th  n a i ls  
1 b e l t  axe
1 p re ssu re  p a in t  gun
$ g a l .  t r e e  marking p a in t  packed in  1 p t .  cans 
1 Biltm ore s t ic k  
1 2 0 -fo o t s te e l  d iam eter tape  
1 topographic Abney le v e l
1 l e t t e r - s i z e  tatum  ho ld er
2 dozen 3H p e n c ils
Supply o f re q u ire d  f i e ld  forms
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ANALYSIS OF DATA
Q uestions to  be answered by the analyzing  and in te rp re t in g  of the 
f i e ld  d a ta ;
1) W ill th e  removal o f the h igh  r i s k  tr e e s  o f the ra tin g  system 
s ig n i f ic a n t ly  reduce the b o a rd -fo o t volume subsequently  destroyed  
by bark  b e e t le s ?
This q u es tio n  w i l l  be in v e s tig a te d  using  the s p l i t - p lo t  method of 
a n a ly s is  o f v a r ia n c e . The a n a ly s is  w i l l  compare the lo ss  of volume 
p e r acre  due to  Dendroctonus and Ip s  b e e tle  a t ta c k s ,  windthrow, and 
o th e r  causes in  each of the th re e  stand  d e n s it ie s (s e e  Work Sheets 1 
and 2 ) .
2) Do the w estern  p ine b e e tle  and the mountain pine b e e tle  
c o n s is te n t ly  a tta c k  the high r i s k  t r e e s  of the ra t in g  system?
This q u es tio n  w i l l  be in v e s tig a te d  using the d a ta  from each of
the  check p lo t s ,  p o s s ib ly  s ix ,  and the s p l i t - p l o t  method of a n a ly s is .
The a n a ly s is  w i l l  compare the number of t r e e s  k i l le d  in  each d en s ity  by 
cau sa l ag en ts , D. b rev icom is, D. m o n tico lae , windthrow, and o ther 
cau ses(see  Work Sheets 3 and U).
3 ) What e f f e c t  has each of the two trea tm en ts  on the subsequent 
r i s k  r a t in g  of th e  t r e e s  in  th e  r e s id u a l  s tan d s?
This q u es tio n  w i l l  be in v e s tig a te d  by comparing the number of t re e s  
in  each Keen age c la s s  and r is k  r a t in g  c la s s  in  f iv e -y e a r  perio d s  begin­
ning in  the f i r s t  y ear of the study and ca rry in g  on throughout the c u t­
tin g  c y c le . As an example, the a n a ly s is  of v arian ce  work sheet shows 
a c u tt in g  cycle  to  be 30 y ea rs  o r s ix  f iv e -y e a r  p e r io d s . The s p l i t -  
p lo t  method o f a n a ly s is  of v arian ce  w i l l  be used to  determ ine i f  the 
subsequent changes in  r is k  r a t in g  a f t e r  th e  two d i f f e r e n t  trea tm en ts  
are  s ig n ifican t(W o rk  Sheets 3 , 6, and 6a ) ,
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PUBLICATIONS
A ll in fo rm atio n  r e s u l t in g  from th i s  study may be used in  the 
■writer’s th e s is  to  be p resen ted  in  p a r t i a l  fu lf i l lm e n t  of the re q u ire ­
ments fo r  th e  degree of M aster of Science in  F o res try  a t  the Montana 
S ta te  U n iv e rs ity , The m a te r ia l  in  the  th e s is  iv i l l  be a v a ilab le  fo r  
p u b lic a tio n  by the w r i te r  in  a j o i n t  p u b lic a tio n  between the U n iv ersity  
and the Experiment S ta t io n , This p u b lic a tio n  w i l l  be under the au thor­
sh ip  o f P h il ip  C, Johnson and the w r i te r  w ith  Johnson being the  sen io r 
a u th o r. The c o s t  o f t h i s  j o i n t  p u b lic a tio n  w i l l  be borne by funds 
under th e  ju r i s d ic t io n  o f th e  U n iv e rs i ty ’s School of F o re s try , A nom­
in a l  number of cop ies w i l l  be supp lied  to  the F o re s t S erv ice .
SUMMARY MD CONCLUSIONS 
The ponderosa pine r i s k  r a t in g  system as developed in  C a lifo rn ia  
in  1936 by Salman and Bongberg(lS) i s  an a ttem pt to  c la s s i f y  the cur­
r e n t  s u s c e p t ib i l i ty  o f in d iv id u a l p ine  t r e e s  (P inus ponderosa Laws.) 
to  a t ta c k s  of the  w estern  p ine b e e tle  (Dendroctonus brevicom is L e e ,) ,
I t s  su c c e ss fu l a p p lic a tio n  as a to o l  in  w estern  p ine b e e tle  co n tro l 
in  some p a r ts  o f the  P a c if ic  Coast S ta te s  has s tim u la ted  a d e s ire  by 
f o r e s t  owners and managers to  use i t  fo r  s im ila r  purposes in  Montana,
The a p p lic a tio n  o f th e  system in  Montana i s  com plicated by the 
f a c t  th a t  the m ountain p ine  b e e tle  (D, m ontico lae  Hopk,) and the 
Black H il ls  b e e tle  (D. ponderosae Hopk,) a re  a lso  prim ary enemies of 
ponderosa p in e . I t  i s  ev id en t th a t  i f  the  r i s k  r a t in g  system i s  to  
be ap p lied  e f f e c t iv e ly  in  Montana, i t  i s  necessary  to  know i f  the moun­
t a in  p ine b e e tle  and the Black H il ls  b e e tle  p re fe ra b ly  a tta c k  the high 
r i s k  t r e e s  of the  system in  t h e i r  re sp e c tiv e  re g io n s .
This th e s is  summarizes and analyzes d a ta  c o lle c te d  on the ponderosa 
p ine r i s k  r a t in g  system in  Montana p r io r  to  1956, I t  co n ta in s a l l  the 
work accom plished in  1956 and s e ts  f o r th  the p lan  of work fo r  the year 
1957* The study was conducted in  co o p era tio n  w ith  the M issoula F o rest 
In se c t L aboratory  and the  M issoula Research C enter of the Interm ountain  
F o re s t and Range Experiment S ta tio n , U.S. F o re s t S erv ice ,
S p e c if ic a l ly  the  study sought to  l )  determ ine the geographic 
ranges fo r  each of the th re e  in s e c ts  in  Montana, 2) study the p a t te rn  
o f bo le  in f e s ta t io n  o f each o f th ese  in s e c ts  in  th e i r  re sp e c tiv e  
geographic ran g es , 3 ) determ ine the degree to  which the w estern  pine 
b e e tle  and the mountain p ine b e e t le  w i l l  a t ta c k  t r e e s  of d i f f e r e n t  
r i s k  r a t in g s  in  th i s  reg io n  and to  U) p re se n t a p lan  of an experim ent
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to  f u r th e r  t e s t  the  r a t in g  system in  the  c o n tro l o f th e  w estern  pine 
b e e t le  and th e  mountain p ine b e e tle  in  Montana.
The w estern  p ine b e e tle  was found only on the w est s ide of the 
C o n tin en ta l D iv ide . A s e r ie s  of b e e t le s  was c o lle c te d  from study a reas 
extending  from the w estern  to  the e a s te rn  p a r t  of the S ta te  from ty p ­
i c a l  in fe s te d  t r e e s .  This s e r ie s  was sen t to  the  U.S. N ational Museum 
fo r  id e n t i f i c a t io n .  Although the  s e r ie s  rep resen ted  in se c ts  from the 
geographic reg io n s  u s u a lly  a s so c ia ted  w ith  the  mountain pine b e e tle  
and the Black H ills  b e e t le ,  the specimens appeared to  be taxonom ically 
one sp e c ie s . Hence, the  terms mountain p ine b e e tle  and D. m onticolae-  
ponderosae have been used in  th e  te x t  wherever the mountain pine b e e tle  
or Black H il ls  b e e tle  was found. This in s e c t  was found in  a l l  the 
m ajor ponderosa p ine stands o f the S ta te .
The p a t te rn  of bole in f e s ta t io n  was found to  be g e n e ra lly  co n stan t 
fo r  each in s e c t  in  a l l  a reas  of the S ta te .  The w estern  pine b e e tle  
a ttack ed  the base o f the  t r e e  and up to  the  m id-bole. The mountain 
p ine b e e t le ,  when a tta c k in g  w ith  the  w estern  p ine b e e t le ,  in fe s te d  the 
m id-bole and upper re g io n s . However, the mountain p ine b e e t le ,  e i th e r  
by i t s e l f  o r w ith  Ips sp e c ie s , a ttack ed  anywhere from the base to  the 
top o f the t r e e .  Ip s  b e e t le s ,  g e n e ra lly  a sso c ia ted  w ith  the Dendroc-  
tonus b e e t le s ,  were found anywhere along the bole bu t g e n e ra lly  in  the 
upper re g io n s .
The study of 2,981 t r e e s  on 155 ac re s  in  17 p lo ts  showed th a t ,  in  
the  p a s t  f iv e  y e a rs , of 18 t r e e s  k i l l e d  by bark b e e t le s  l5  or 83.3 
p e rc e n t were high  r i s k  t r e e s .  The h igh  r is k  t r e e s  rep resen ted  lU .9 
p e rc e n t o f the  t o t a l  volume of the stand  and accounted fo r  81.3 
p e rc e n t o f the t o t a l  volume k i l l e d  by bark  b e e t le s .  The p re lim in ary
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r e s u l t s  o f th i s  study  agree c lo se ly  w ith  the fin d in g s  of Salman and 
Bongberg(18) in  n o rth e rn  C a lifo rn ia  where the a p p lic a tio n  of th e  sys­
tem has proven to  be e f fe c t iv e  in  c o n tro llin g  tre e  m o rta lity  caused 
by th e  w este rn  pine b e e t le .
The planned s a n ita tio n -sa lv a g e  c u ttin g  experim ent to  t e s t  the  
r a t in g  system in  the c o n tro l of the w estern  pine b e e tle  and the moun­
t a in  p ine b e e tle  in  Montana i s  th e  f i r s t  of a p o ss ib le  s e r ie s  to  be 
e s ta b lis h e d  in  Montana. This experim ent i s  planned fo r  the P iq u e tt 
Creek Experim ental F o rest on p a r t  o f the B it te r ro o t  N ational F o re s t, 
Montana. The experim ent w i l l  continue u n t i l  i t  in d ic a te s  the e f fe c ­
t iv e n e ss  of the  system . The experim ent i s  a lso  designed to  f i t  in to  
an experim en tal program of s i lv ic u l tu r a l  management of ponderosa pine 
f o r e s ts  being undertaken by the M issoula Research Center of the I n te r ­
mountain F o rest and Range Experiment S ta tio n .
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Appendix Table 1 .—Description of Dunning's c la s s if ic a t io n
C lass 1 . —Age c la s s ,  young o r t h r i f t y  mature ; p o s it io n , iso la te d  or 
dominant ( r a r e ly  codom inant); crown le n g th , 65 p e rcen t or more of the 
t o t a l  h e ig h t; crown w id th , average o r w ider; form o f to p , po in ted ; 
v ig o r , good.
C lass 2 .—Age c la s s ,  young or t h r i f t y  m ature; p o s it io n , u su a lly  codom- 
in a n t ( r a r e ly  is o la te d  o r dom inant); crown len g th , le s s  than  65 p e rcen t 
o f the  t o t a l  h e ig h t; crown w id th , average o r narrow er; form of to p , 
p o in ted ; v ig o r ,  good o r m oderate.
C lass 3»—Age c la s s ,  m ature; p o s i t io n ,  is o la te d  o r dominant ( ra re ly  
codom inant); crown le n g th , 65 p e rc e n t or more of t o t a l  h e ig h t; crown 
w id th , average o r w ider; form o f to p , round; v ig o r , m oderate.
C lass i j .—Age c la s s ,  m ature; p o s i t io n ,  u s u a lly  codominant ( ra re ly  
i s o la te d  or dom inant) ; crown le n g th , le s s  than  65 p e rcen t o f the t o t a l  
h e ig h t; crown w id th , average or narrow er; form of to p , round; v ig o r, 
moderate o r poo r.
C lass 5»—Age c la s s ,  overmature ; p o s i t io n ,  is o la te d  or dominant 
( r a r e ly  codom inant); crown, of any s iz e ;  form of to p , f l a t ;  v ig o r , 
poo r.
C lass 6 . —Age c la s s ,  young or t h r i f t y  mature ; p o s it io n , in term ed ia te  
or suppressed ; crown, o f any s iz e ,  u s u a lly  sm all; form of to p , round 
or p o in ted ; v ig o r , moderate or poo r.
C lass 7«—Age c la ss ,m a tu re  o r overm ature; p o s it io n , in te rm ed ia te  or 
suppressed ; crown, o f any s iz e ,  u s u a lly  sm all; form of to p , f l a t ;  
v ig o r , po o r.
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Appendix Table 2 .—Description of Keen's c la s s if ic a t io n
AGE CLASSES
Age C lass 1 . —Young t r e e s .  Commonly r e fe r r e d  to  a s " b u ll  p in es o r b lack  
ja c k s " ;  t h r i f t y  t r e e s  making ra p id  h e ig h t and diam eter growth; age, 
u s u a lly  le s s  than  80 y e a rs ,
D .B.H.—R arely  over 20 in ch es .
H e ig h t.— In  lower crown canopy, u s u a lly  le s s  than  60 p e rcen t of t o t a l  
mature h e ig h t.
B ark .—Dark, g ra y ish  brown to  b lack ; rough and deeply  furrowed w ithou t 
p la t e s ,  b u t w ith  narrow r id g e s  between the  f i s s u re s  (sometimes co lo rin g  
a t  extreme b a s e ) .
B ranches.—Upturned and in  w horls fo r  upper th re e -fo u r th s  of crown; 
sm all f o r  d iam eter o f b o le .
Top.—U sually  p o in te d , w ith  d i s t i n c t  w horls .
Age C lass 2 .—Immature t r e e s .  S t i l l  making ra p id  growth in  t h r i f t y
t r e e s ;  age, approxim ately  80 to  180 y e a rs ,
D .B.H.—R arely  over 30 in ch es ,
Ife ig h t.—U sually  le s s  than  90 p e rc e n t o f t o t a l  h e ig h t a t  m a tu rity .
Trees s t i l l  under th e  g en era l crown canopy.
B ark .—Dark re d d ish  brown, w ith  narrow smooth p la te s  between th e  f is s u re s  
on the  low er h a lf  o f th e  b o le ; d a rk , rough bark on upper h a lf .
B ranches,—M ostly upturned and in  w horls f o r  upper h a lf  of crown; 
h o r iz o n ta l  n ear m iddle, h o r iz o n ta l or drooping below; sm all to  medium 
s iz e  fo r  d iam eter of b o le .
Top,—U sually  p o in te d , sometimes rounded, b u t w ith  w horls i n d i s t i n c t .
Age C lass 3 . —Mature t r e e s .  H eight growth p r a c t i c a l ly  com plete; 
d iam eter growth slow; age approxim ately  l 80 to  300 y e a rs ,
D .B.H .— R arely  over LO in c h e s .
H e ig h t,—P r a c t ic a l ly  th a t  o f the  g e n e ra l crown canopy, except i n t e r ­
m ed ia te , suppressed or to p -k i l le d  t r e e s .
B ark ,—L ig h t re d d ish  brown w ith  m oderately  la rg e  p la te s  between the  f i s ­
su res  on the  lower th re e -fo u r th s  o f b o le ; dark  brown showing in  upper 
q u a r te r .
—62“
Appendix Table 2,— Description of Keen's c la s s if ic a t io n  (cen t.)
B ranches,—Upturned near to p , middle crown h o r iz o n ta l,  lower ones droop­
in g ; m oderately  la rg e  fo r  s iz e  of b o le .
Top,—U sually  pyram idal or rounded, o c c a s io n a lly  p o in ted ; whorls in d is ­
t i n c t  excep t a t  extreme to p .
Age C lass U»—Overmature t r e e s .  Making no fu r th e r  h e ig h t growth; diam­
e te r  growth v e ry  slow; age more than  300 y e a rs ,
D.B.H,—Wide la t i tu d e  in  d iam ete rs , b u t u su a lly  la rg e  in  dominant t r e e s .
B ark ,—L ight yellow  and uniform  fo r  e n t i r e  b o le , except in  extreme top ; 
p la te s  u s u a lly  very  w ide, long and smooth; f is s u re s  o fte n  r a th e r  shallow .
B ranches,—Large, heavy, and o f te n  gnarled  or crooked; m ostly  droop­
ing excep t in  extreme to p .
Top,— U sually  f l a t ;  o c c a s io n a lly  rounded or i r r e g u la r ,
CROWN-VIGOR CLASSES
A -  F u ll  v ig o r
Crown,—F u ll  v igo rous crowns w ith  a le n g th  o f p e rc en t or more o f the 
t o t a l  h e ig h t, and o f average w id th  o r w ider; w ith  d e n s ity  average or b e t­
t e r ,  fo r  i t s  age c la s s .
F o lia g e ,—Needles o f average len g th  or lo n g er, u s u a lly  dense and t h r i f t y .  
P o s i t io n ,—U sually  i s o la te d  o r dom inant, r a r e ly  codominant,
D .B.H,—Large fo r  age,
B -  Good to  f a i r  v ig o r
Crown,—Good to  m oderately  v igorous crowns, w ith  len g h t from 30 to  
p e rc e n t o f t o t a l  h e ig h t, i f  of average w idth  and d e n s ity ; or a longer 
crown i f  narrow o r somewhat th in ;  b u t n e i th e r  sparse  nor ragged.
F o lia g e ,—Needles of average le n g th , u su a lly  dense and t h r i f t y .
P o s i t io n ,—U sually  codom inant, b u t sometimes is o la te d  or dominant; 
r a r e ly  in te rm e d ia te ,
D .B .H ,—Average o r above fo r  age.
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Appendix Table 2 ,—Description of Keen's c la s s if ic a t io n  (con t.)
C -  F a ir  to  poor v ig o r
Crown,—F a ir  to  poor crowns, w ith  le n g th  from 10 to  30 p e rcen t o f t o t a l  
h e ig h t i f  o f average w idth and d e n s ity , or long , sp a rse , and narrow; 
o f te n  f l a t  on one o r more s id e s .
F o l ia g e ,—Needles o f te n  sh o rt and th in ly  d is t r ib u te d ,  b u t of normal len g th  
and d e n s ity  when confined to  top  o n e - th ird  o f crown.
P o s i t io n ,—U sually  in te rm e d ia te , sometimes codominant or suppressed, b u t 
r a r e ly  i s o la te d ,
D.B.H.—U sually  below average fo r  age; sometimes la rg e  in  decadent t r e e s .
D -  Very poor v ig o r
Crown,—Very s h o r t ,  l e s s  than  10 p e rcen t of the t o t a l  h e ig h t; sometimes 
m erely a t u f t  a t  top  of t r e e ,  or somewhat longer when sparse and ragged; 
u s u a lly  very  narrow o r limbs a l l  on one s id e .
F o lia g e ,—Needles o f te n  s h o r t ,  and fo lia g e  sparse or s c a t te re d ,  or only 
t u f t s  a t  end o f tw ig s; b u t of normal len g th  and d e n s ity  i f  reduced in  
q u a n ti ty .
P o s i t io n ,—U sually  suppressed o r in te rm e d ia te , bu t may occupy o th e r pos­
i t io n s  i f  g r e a t ly  reduced in  v ig o r ,
D.B.H.—D ecidedly subnormal fo r  age, bu t v ery  old decadent t r e e s  may be 
of la rg e  d iam eter.
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Appendix Table 3 ,—Descriptions of r isk  ratings for poderosa pine
The c h a ra c te rs  used in  d e fin in g  r i s k  a re  concerned only w ith  the 
apparen t v ig o r o f the crown as evidenced by the fo lia g e , tw igs and bran­
ch es . F ac to rs  o f age, crown form and crown p o s it io n  do pot e n te r  in to  
th e  a p p ra is a l  of r i s k  from in s e c t  a t ta c k .
In  th e  fo llow ing d e s c r ip t io n s ,  r i s k  has been te n ta t iv e ly  segregated  
in to  fo u r groups. These fo u r groups have been e s ta b lish e d  p r im a rily  to  
p rov ide  s u f f ic ie n t ly  sm all g ra d a tio n s  to  a llow  fo r  v a r ia t io n  in  a p p lic a ­
t io n  in  s e le c t iv e  logging p r a c t ic e .  Where the p reven tion  of in se c t  lo s s  
in  th e  n ear fu tu re  i s  th e  prim ary o b je c tiv e , e i th e r  the  h ig h est r i s k  group 
alone (Risk U) o r the two h ig h e s t r i s k  groups (Risk 3 and U) may be r e ­
moved. Where u t i l i z a t i o n  c u ts  a re  d e s ire d , m a te r ia l from the  moderate 
and high  r i s k  groups may be supplemented w ith  t r e e s  th a t  are cu t fo r  
s i l v i c u l tu r a l  o r economic reaso n s .
D esc rip tio n s  o f Risk R atings
Risk 1 .—Low r i s k
F u ll fo lia g e d , h ea lth y  appearing crowns. Fo liage o f h ea lth y  
appearance, need les  u s u a lly  long and co arse , co lo r good dark 
g reen . P r a c t ic a l ly  a l l  tw igs w ith  normal fo lia g e  complement.
No weakened p o r tio n s  o f crown.
Risk 2 .—Moderate r i s k
F a ir  to  m oderately  h e a lth y  crowns, im perfect in  sp o ts . Foliage 
m ostly  h e a lth y , needle len g th  average o r b e t t e r ,  co lo r f a i r  to  
good. Some tw igs o r branches may lack fo lia g e , b u t such in ju ry  
should no t be lo c a liz e d  to  form d e f in i te  "weak" spo ts in  crown.
R isk 3«—High r i s k
Crowns o f f a i r  to  poor h e a lth , somewhat ragged or th in  in  
p o r tio n s  of crown. F o liage in  p a r ts  of crown th in ,  bunchy, or 
u n h ea lth y , need les  average to  s h o r te r  than  average in  len g th , 
c o lo r  f a i r  to  p o o r. Some to  many tw igs or branches lacking  
fo l ia g e ,  some to  many tw igs or branches fad ing  o r,d ead . Small 
lo c a liz e d  weakened p o r tio n s  o f crown u su a lly  p re se n t.
Risk U»—Very high  r i s k
Crowns in  poor co n d itio n , ragged o r th in ,  o ften  showing e v i­
dence of a c tiv e  in s e c t  in f e s ta t io n  in  upper p o r tio n s . Foliage 
th in  or bunchy, need les sh o rt o r sp a rse , c o lo r  poor. Twigs 
and branches dead or dying , p o r tio n s  of crown d e f in i te ly  
weakened. A ctive to p k i l l in g  or p a r t i a l  in f e s ta t io n  o fte n  
p re s e n t .
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Appendix Table 3 . —Descriptions of r isk  ratings for ponderosa pine (cont.)
Some ty p es  o f t r e e  in ju ie s  a re  a sso c ia te d  w ith  a normal r a t in g  of
r i s k .  They may be the  r e s u l t  of a c c id e n t, such as l ig h tn in g  o r mechan­
i c a l  in ju ry ,  and when such in ju r ie s  a f f e c t  the  immediate r is k  o f i n f e s t ­
a t io n  and e a r ly  d ea th  they  should be app raised  independently  of the char­
a c te r s  given above fo r  r a t in g  r i s k .  In  a d d itio n , the follow ing t r e e
c h a ra c te rs  a re  no t considered  to  be p r im a r ily  concerned w ith  c u rre n t
r i s k .
Stag Tops; An old  bare sp ik e , which i s  the  r e s u l t  o f an old to p k il l in g  
in ju ry  from which the  t r e e  has reco v ered , i s  termed a stag  top . Although 
a d e te r io r a t io n  of the  rem aining crown o fte n  fo llow s below stag  tops and 
such t r e e s  may be ra te d  as high r i s k s ,  the s tag  top alone i s  no t consid­
ered  a c h a ra c te r  o f h igh  r i s k .  T/llhen the rem aining p a r ts  o f the crown 
are  v igorous and h e a lth y , such t r e e s  can be considered low r i s k s .
Mule T a il F o liag e ; In  some t r e e s  the fo lia g e  has a d i s t i n c t ly  bunchy 
appearance though the  need les  are  long . This co n d itio n  seems to  be due 
to  a p e c u lia r  development of the  branches and ap p aren tly  i s  a normal 
c h a r a c te r is t i c  o f a c e r ta in  s t r a in  or type of pine t r e e .  Other th in g s  
being eq u a l, i t  should be ignored in  r a t in g  r i s k .
Off Color Due to  Cold; In  c e r ta in  y ea rs  and lo c a tio n s  needles may be 
browned due to  the  e f f e c ts  o f low tem p era tu res . L ig h t, lo c a l ,  o r gener­
a liz e d  l i g h t  browning o f need les i s  n o t u su a lly  considered in  r a t in g  
r i s k .  However, in  some a reas  cold in ju ry  has been so severe as to  cause 
a cambium in ju ry  in  a d d itio n  to  a fo lia g e  in ju ry . Severe in ju r ie s  may 
have a co n s id e rab le  e f f e c t  on the  c u rre n t r is k  from in se c t a t ta c k .
Cone Fade; O ften , in seed  y e a rs , need les behind the  cone d ie  and fa d e . 
A pparently  t h i s  fad ing  has no r e la t io n  to  r i s k .
N atu ra l Needle F a l l :  During the f a l l  months of the y ea r, the normal fad ­
ing  o f o ld  needle complements may c re a te  an appearance of high r i s k .  
However, t h i s  needle f a l l  i s  n a tu ra l  and the seasonal co n d itio n  should 
no t be counted as a f a c to r  in  determ ining the  r is k  o f in d iv id u a l t r e e s .
N atu ra l Shading out o f Branches; On most t r e e s  in  a f a i r l y  c losed  canopy 
the  low er branches lo se  t h e i r  fo lia g e  and d ie .  Such n a tu ra l shading out 
o f branches does no t in d ic a te  h igh  r i s k .  This must be d i f f e r e n t ia te d  
from th e  dying of tw igs and branches in  the upper, unshaded p a r ts  of the 
crown, a co n d itio n  which i s  considered  a d e f in i te  in d ic a tio n  o f h igh r is k  
from in s e c t  a t ta c k .
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Appendix Table U,—Penalty system o f  rating tree risk
P e n a lty '
Symptoms of poor t r e e  h e a lth
CROW CONDITION (Score 0 to  U)
1. Weak sp o ts  in  crown
2 , S c a tte re d , sc rag g ly , i r r e g u la r  crown 
3« Thin open crown throughout
U. Thin open to p , dense below 
5» G eneral poor v ig o r , unhealtixy
NEEDLE CONDITION (Score 0 to  U)
1 .  T ufts  a t  ends o f long bare branches
2 . Complement below average 
3» Length below average
U, S hort need les  in  to p , longer below 
5* Fading o r o f f  c o lo r
WEAKNESS OF INJURY (Score 0 to  8 )
1 , M is tle to e  o r w itc h 's  broom
2 , Old sp ike no t a c tiv e
3 ,  Broken to p , n o t dying below 
k» F ire  sca r
Dying l a t e r a l  tw igs
6 .  Dying t i p  o f te rm in a l
7 . L igh tn ing  s t r ik e
8 . A ctive to p  k i l l i n g
9* A ctive I n f e s ta t io n  by Dendroctonus
b rev ico m is , D, m on tico lae , D. v a le n s , 
and o th e r  in s e c ts
Moderate








































RELATION TO PONDEROSA PINE RISK RATING SYSTEM 





1-2 in c lu s iv e  
3-5  in c lu s iv e  
6 and over
O rig in a l by F. P . Keen, 19Ul
R e v i s e d  a t  Seneca, (Oregon) Conference, August 19U8
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Appendix Table 5 . —D escrip tio n  of K een's c la s s i f i c a t io n  m odified to  apply 
to  growth c a p a c it ie s  of Black H ills  ponderosa p in es
AGE GROUPS
Age C lass 1 . —Young t r e e s ,  commonly r e fe r re d  to  as "b lack jack s"; u su a lly  
le s s  th an  75 y ea rs  of age.
D .B.H.—R arely  over 10 in c h e s .
Tops.—U su ally  p o in ted , b u t may be rounded when open grown; making good 
h e ig h t grow th.
B ark .—Rough, f is s u re d ,  dark brown to  b lack .
B ranches.—Upturned and in  w horls.
Age C lass 2 .—Immature t r e e s ;  age approxim ately  75 to  150 y e a rs .
D.B.H.—R arely  over l 6 in ch es .
Tops.—U sually  p o in te d , open grown t r e e s  may have rounded to p s; t r e e s  
s t i l l  making h e ig h t grow th.
B ark .—F issu re d , u s u a lly  dark brown to  re d d ish  brown, y e llo w ish  tin g e  
showing a t  bottom  of f i s s u r e s ,  o c c a s io n a lly  red d ish  brown or yellow ish  
p la te s  form ing a t  the  b ase .
B ranches.—U sually  upturned and in  w horls.
Age C lass 3»—Mature t r e e s ;  approxim ately  150 to  300 y ea rs  o ld .
D.B.H.— R arely  over 28 in ch es .
Tops.—U sually  rounded or s t i l l  p o in te d , a lthough  h e ig h t growth p r a c t ic ­
a l l y  ceases a t  about 160 to  170 y e a rs .
B ark .—U su ally  y e llo w ish  brown up to  o r above f i r s t  l 6 fo o t log , moder­
a te ly  s ized  p la te s  between the  f i s s u r e s ;  upper bole l ig h t  red d ish  brown; 
on some exposures y e llo w ish  brown bark  i s  s c a ly , f is s u re s  f a in t  or e n t i r e ­
ly  a b se n t.
B ranches.—Incom plete w horls, nodes i n d i s t i n c t ;  n e a rly  a l l  branches hor­
iz o n ta l  (o c c a s io n a lly  drooping) w ith  lower ones drooping.
Age C lass l i .—Overmature t r e e s ;  u s u a lly  over 300 y e a rs .
D.B.H.—U sually  o f la rg e  s iz e ,  however d iam eters of age c la s s  3 and 1;
o v e rla p .
Tops.—U sually  f l a t ,  o c c a s io n a lly  rounding, sometimes sp iked , making no 
h e ig h t grow th.
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Appendix Table —D esc rip tio n  o f K een's c l a s s i f ic a t io n  m odified to  apply
to  growth c a p a c it ie s  o f Black H il ls  ponderosa p in es  (c o n t .)
B ark ,—L igh t yellow  in  c o lo r , p la te s  w ide, long , and smooth, although 
on some exposures the bark has scaled  o f f  u n t i l  f i s s u re s  are  f a in t  or 
n e a r ly  ab se n t,
B ranches.—M ostly drooping, g n arled  or crooked.
VIGOR GROUPS
A,—F u ll  v igorous crowns w ith  a len g th  of $$ p e rcen t o r more of the  t o t ­
a l  h e ig h t and o f average w idth  o r w ider; fo lia g e  u su a lly  dense; need les 
long and dark green ; p o s i t io n  o f t r e e  is o la te d  o r dominant ( r a r e ly  
codom inant),
B,—F a ir  to  m oderately  v igorous crowns w ith  average w idth or narrow er, 
and le n g th  le s s  th an  55 p e rcen t of th e  t o t a l  h e ig h t; e i th e r  sh o rt wide 
crowns o r long narrow ones, b u t not sparse  o r ragged, may be f l a t  on one 
s id e , p o s i t io n  e i th e r  dominant or codominant bu t sometimes is o la te d ,
C ,—F a ir  to  poor crowns, u s u a lly  f l a t  on one o r more s id e s , very  narrow 
and sp arse  o r rep re sen ted  by only a t u f t  o f fo lia g e  a t  the top ; fo lia g e  
u s u a lly  sh o rt and th in ;  p o s it io n  u s u a lly  in te rm ed ia te , sometimes codom­
in a n t ,  r a r e ly  i s o la te d ,
D,—Crowns o f very  poor v ig o r; fo lia g e  sparse  and s c a tte re d  or only p a r­
t i a l l y  developed; d iam eters d ec id ed ly  subnormal considering  age; p o s it io n  
suppressed  o r in te rm e d ia te .
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Appendix Table 6 .—Field data for the Brevicomis-Monticoae-Ponderosae
Complex 19^6
' P ercen t
Tree Volume Tree-*- A pparently  Year A ctu a lly  3-needled
no. DBH Logs b.m, c la s s  k i l le d  by k i l l e d  k i l l e d  by f a s c ic le s Remarks
Area I ,  Township 1 N orth, Range 19 West; Ju ly  21; and 2^
1 16 3 200 iiD D.b 1955w D.b
2 3h 7 2290 he D.b 195k D.b 100
3 2h h 700 he ? 195k D.b 100 in ju re d
U 28 3 900 hB D.b I955w D.b 100 lig h tn in g
5 3h h 1720 hB D.b 1955 D.b 100
6 3h 5 1910 hB D.b 1955 D.b 100
7 2h 5 810 3B D.b 1955 D.b 100 lig h tn in g
8 36 h 2000 he Ips 1956 D.b 100 lig h tn in g
9 18 2 190 3B D.b 1956 D.b 100
10 30 3 1080 3B ? 1956s D.b 100
Area I ,  Township 25 N orth, Ranges 25 and 26 West; Ju ly  27 to  30
11 18 he _ _ 100 omit
12 20 k U20 30 D.b 1955s D.b 100 lig h tn in g
13 16 h 260 30 ? 1956s Ips 100
11; 32 5 l6Uo he Ips I955w Ips 100 lig h tn in g
15 16 5 320 hD D.b 195k D.b 100
16 28 5 1160 he D.b 1955s D.b 100
17 16 3 200 he D.b I955w D.b 100
18 21 h 700 3B D.b 1955s D.b 100
19 16 2 lUO UD Ips I955w Ips 100 lig h tn in g
20 28 h lOliO Uc D.b 195k D.b 100
21 22 h 550 he ? 1955* Ips 100
Area I I , Township lU N orth, Ranges 8 and 9 West ; Ju ly  31-Aug. 1
22 16 3 200 3B D.m 1955 D.m 100
23 26 h 860 he D.m 1955 D.m 100
2h 22 2 360 he D.m 1955 D.m 100
25 16 2 lliO 30 D.m 1955 D.m 100 lig h tn in g
26 26 U 860 Uo D.m 1955 D.m 100
27 16 3 200 he D.m 1955 D.m 100
28 26 h 860 he D.m 1955 D.m 100
* Areas I  and I I . —Keen c l a s s i f ic a t io n
Areas I I I  and IV .—Hornibrook c l a s s i f ic a t io n
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Appendix Table 6 .—Field data for the Brevicomis-Monticolae-Ponderosae
Complex 1956 (con t.l
P ercen t
Tree Volume Tree A pparently  Year A ctually 3-need led
no. DBH Logs b.m. c la s s  k i l l e d  by k i l l e d  k i l le d  by f a s c ic le s  Remarks
Area I I , Township lU North, Ranges 8 and 9 W e s t,(c o n t.)
29 30 h 1250 U c D.m 1955 D.m 100
30 16 2 lliO 3C D.m 1955 D.m 100
31 16 2 lUO 3C D.m 1955 D.m 100
32 18 3 250 UC ? 1955 Ip s 100
33 18 h 330 3C D.b 1955 D.b 100
3h 16 h 260 3D ? 1955 Ips 100
35 16 3 200 2B D.m 195U D.m 100
36 10 1 60 2B D.m 195U D.m 100
37 20 h U20 3C ? 1955 Ips 97
38 26 h 860 U c D.m 1956 D.m 97
39 16 h 260 3D D.m 1955 D.m 99
liO 26 h 860 U c D.m 1955 D.m 100
Ul lli 2 110 U c D.m 1955 D.m 92
U2 lU 2 110 U c D.m 1955 D.m 100
U3 22 U 550 Ud D.m 1955 D.m 96
32 h 1180 Ud D.m 1955 D.m 100
U5 32 5 16U0 U b D.m 1955 D.m 100
h6 22 It 550 u c D.m 1955w D.m 100
hi 36 5 1900 u c Ip s 1955w Ips 100 lig h tn in g
Area I I , Township lU N orth, Range lU West; Date*
158 30 6 15U0 3B D.m 1955
159 28 6 1320 3C D.m 1955
160 lii 3 150 3D D.m 1955
161 32 7 1970 3C D.m 1955
162 28 6 1320 30 D.m 1955
163 32 7 1970 3C D.m 1956
Area I I I , Township 9 North, Range 1 West; Aug. 2
U8 8 1 20 30 D.m 1955 D.m 9U lig h tn in g
h9 9 1 20 2B D.m 1955 D.m 98
50 9 1 20 3B D.m 1955 D.m 98
51 11 1 30 30 D.m 1955 D.m 70
52 12 1 50 30 D.m 1955 D.m 90
•5®ata c o lle c te d  by P h il ip  C. Johnson, d a te  no t recorded ,
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Appendix Table 6 .—Field data for the Brevicomis-Monticolae-Ponderosae
Complex 1956 (co n t.l ~  ~
P ercen t
Tree Volume Tree A pparently Year A ctu a lly  3-need led
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Ire a I I I , Township 10 N orth, Range 9 E a st; Aug. U
78 20 2 270 u c D.m 1955 99 lig h tn in g
79 16 2 lU o UB D.m 1956 100
80 2U 2 U60 UB D.m 1955 100
81 18 2 190 UB D.m 1955 100
82 12 1 50 UC D.m 1955 100
83 10 1 30 u c D.m 1955 100
8U 12 1 50 u c D.m 1955 100
85 2U 2 U60 UB D.m 1955 100 lig h tn in g
86 12 1 50 U c D.m 1956 73
87 lU 1 60 UB D.m 1956 u u
88 16 2 lU o U c D.m 1955 661 1. An u c D.m 1955 85
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Appendix Table 6*—F ie ld  d a ta  fo r  th e Brevicom is-M onticolae-Ponderosae
Complex 19^6 (cont»T
Tree Volume Tree A pparently Year A ctu ally
P ercen t 
3-need led
no, DBH Logs b#m. c la s s  k i l l e d  by k i l l e d  k i l l e d  by f a s c ic le s  Remarks
Area I I I , , Township 2 South.f Range 20 E a st; Aug. 28
90 10 1 30 Uc Ip s 1955 18
91 10 1 30 Uc Ip s 195U 85
92 8 i 10 UB Ip s 1955 13
93 1 60 Uc Ips 195U 77
9h 8 2 10 Uc Ip s 195U 12
95 18 1 190 UC Ips 195U 31
96 10 i 10 UC Ips 195U 2
97 8 1 20 UC Ips 1956 73
98 16 1 70 Uc Ip s 1955 71
99 10 1 30 UC Ips 195U 10
Area IV, Township 2 South, Range 6 l  E a s t; Aug. 31
1 0 0 l U 2 1 1 0 UC D.p 1 9 5 6 D.p U
1 0 1 1 2 2 9 0 UB D.p 1 9 5 6 D.p 9 7
1 0 2 2 2 3 U 6 0 U c D.p 1 9 5 6 D.p 9 7
1 0 3 1 6 2 lU O u c D.p 1 9 5 U D.p 6 0
lO U l U 2 1 1 0 U c D.p 1 9 5 U D.p 6
1 0 5 1 2 2 9 0 u c D.p 1 9 5 U D.p 7 0
1 0 6 8 1 2 0 UD D.p 1 9 5 U
1 0 7 1 2 2 9 0 2B Ips 1 9 5 5
1 0 8 1 2 1 5 0 UB D.p 1 9 5 U
1 0 9 1 2 1 5 0 2A Ips 1 9 5 6
Area IV, Township 3  South, Range U 2 E a st; S ep t. 2
1 1 0 1 8 2 1 9 0 3 B D.p 1 9 5 U
1 1 1 1 0 1 2 0 3 D D.p 1 9 5 U
1 1 2 l U 2 1 1 0 3 0 D.p 1 9 5 5
1 1 3 1 2 2 9 0 UD D.p 1 9 5 5
l l U 2 0 2 2 7 0 UC D.p 1 9 5 5
1 1 5 2U 3 6 0 0 2C D.p 1 9 5 6
l l 6 2 6 2 5 6 0 UB D.p 1 9 5 U
1 1 7 1 6 2 lU O 2B D.p 1 9 5 6
118 1 6 1 8 0 U c D.p 1 9 5 5
1 1 9 1 6 2 lU o U c D.p 1 9 5 5
1 2 0 2 0 2 270 U c D.p 1 9 5 U
1 2 1 2U 1 2 6 0 Ub ? 1 9 5 U
1 2 2 2 0 1 1 5 0 UA Ips 1 9 5 6
6It
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Appendix Table 6 ,—Field data for the Brevicomis-Monticolae-Ponderosae
Complex 1956 (cont»T~ — ——— —— —— — — — — — — — — —
P ercen t
Tree Volume Tree A pparently  Year A ctu a lly  3-need led
no. DBH Logs b.m. c la s s  k i l l e d  by k i l le d  k i l l e d  by f a s c ic le s  Remarks
Area IV, Township 3 South, Range UU E a st; S ep t. U
1 2 3 1 2 2 9 0 UB Ip s 1 9 5 6
1 2 U 1 2 1 5 0 U c Ip s 1 9 5 U
1 2 5 1 8 3 2 5 0 U b Ips 1 9 5 6
1 2 6 1 2 2 9 0 U c ? 1 9 5 6
1 2 7 1 8 U 3 3 0 UC Ip s 1 9 5 5
1 2 8 1 8 3 2 5 0 UC Ips 1 9 5 6
1 2 9 2U U 7 0 0 U c Ips 1 9 5 5
1 3 0 2 0 3 3 U 0 U c Ip s 1 9 5 5
1 3 1 1 0 1 2 0 U c Ips 1 9 5 5
1 3 2 l U 1 6 0 U c Ip s 1 9 5 5





Area IV, Township 6  South, Range UU E a st; Sep t. 6
1 3 U l U 1 60 2A Ips 1 9 5 6 l ig h tn in g
1 3 5 2 0 3 3UO U c Ip s 1 9 5 U
136 2 8 3 900 UC Ip s 1 9 5 U
137 2 2 3 U 6 0 u c Ips 1 9 5 6 Ips 8
138 l U 2 1 1 0 U c Ip s 1955 Ip s 72
139 1 2 1 50 U c Ips 1 9 5 5 Ip s 9
lU O 2 2 2 360 U c Ips 1 9 5 U Ips 12
l U l 16 2 lU o UD Ips 1 9 5 U Ips 63
1 U 2 2 0 3 3U 0 U c Ip s 1 9 5 5 Ips 3 3
1U 3 1 2 2 90 UD Ips 1 9 5 U Ips 1 2
lU U l U 1 60 2A Ips 1 9 5 5 l ig h tn in g
iU 5 32 2 910 UB Ips 1955
1U 6 2U 3 600 U c Ips 1955 Ips -
1 U 7 1 2 2 90 Ud Ips 1 9 5 6
1 U 8 1 8 3 250 2C Ips 1 9 5 5 w in d fa ll
~7h~
Appendix Table 6 ,—Field data for the Brevicomis-Monticolae-Ponderosae
Complex 1956 (co n t.l
~ P ercen t
Tree Volume Tree A pparently Year A ctually  3-needled
no. DBH Logs b.m. c la s s  k i l l e d  by k i l l e d  k i l l e d  by f a s c ic le s  Remarks
Area IV, Township U South, Range 35 E a s t; S ep t. 7
lU7a 12 2 90 20 D.p 1955
lU8a lU 2 110 20 D.p 195U
1U9 10 2 30 20 D.p 1956
150 lU 2 110 Uo D.p 1955
151 28 3 900 Ub D.p 195U
152 10 2 30 Ud D.p 1955
153 12 1 50 23 D.p 1955
151 lU 2 110 30 D.p 1955
155 8 1 20 UD D.p 1955
156 12 2 90 UD D.p 1955
157 10 1 20 23 D.p 1955
* 25 need les  were counted from each of 20 tre e s  to  o b ta in  th i s  f ig u re
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Appendix Table 7 .—D is tr ib u tio n , on p lo t s ,  o f the  average board fo o t 
volume o f ponderosa p ine tre e s ' p e r  acre  in  each r is k  ra t in g
' Risk lia ting  Percentage
 _______ ^ o t  1 2  3 n 3&ii T o ta l r i s k  3&jI
Loon Lake 6,136  0,620 l , d 6È lü lî 1,966  16,722 11.7
Rexford 916 11,718 2,1^0 790 2,9UO 1^,570 18.9
L inco ln  ACM 1,L93 8,2^0 230 28 2^8 9,991 2 .5
L i t t l e  B i t te r ro o t  1,513 10,1|23 3,222  61|2 3 , 86ii l5 ,8 0 0  2L.5
Bear Creek Saddle 916 l 6 , 02U 5,5U6 280 5 ,826 22,726 25.6
Overwhich Creek 7,318 15,150 2,57U 156 2,730 25,198 10.9
F ish  Creek Forks 1,U67 8,720 3 , 0L6 U03 3,kk9  13,636 25.3
McCrea Park 5 ,L l7  12,933 2,070 170 2,21+0 20,590 10.9
Longpre 1,93 7 8,829 1,LL5 339 1,781+ 12,550 H+.2
F ish tra p  2,110  9,693 2,1+38 112 2,550 H+,353 17.8
L i t t l e  Thompson 1,369 11,1+16 2,011+ 53 2,067 ll+,852 I 3 .9
N.Fk. L i t .  Thompson 1,310  10,897 2,721 688 3,L09 I5 ,6 l6  21.8
P lea sa n t V alley  l+,279 18,329 1,180 308 1,1+88 2i+,096 6 .2
L i t t l e  Ranch 3,5o6 11,756 2,71+2 l,20l+ 3,916 19,208 20.6
L ost P r a i r ie  5,U7l+ H+,1+29 2,305 1+2 7 2,73 2 22,635 12.1
Lake McGregor 3,U03 li+,767 1,1+30 98 1,528 19,698 7.7
L incoln  FS 1+,H6 ll+,050 2,517 — 2 ,5 l7  20,683 12.2
Average volume 3,099 12,117 2,323 31+1 2,66l+ 17,880
Average percen tage  17.3 67.8  I 3 .0  1 .9  11+.9 100.0  1I+.9
Appendix Table 8 .—D is tr ib u tio n  o f r i s k  ra te d  t re e s  by Keen age c la s se s
Age Risk 
c la s s  r a t in g
Mo. of 
t r e e s
Percentage 
of t r e e s












h 1 86 6.6
2 901 68.9
3 272 20.8
1+ 1+9 3 .7
T ota l 2,981
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Appendix Table 9 . —Average d is t r ib u t io n  of ponderosa p ine t r e e s  by 
r i s k  r a t in g s ,  17 sample p lo t s ,  p e r acre  b a s is
b isk Trees S cribner ^olume
ra t in g Number Percentage Bd. f t . Percentage
1 7 .Oh 25.7 3,038 17.1
2 17.28 63.2 12,121 68.1
3 2.55 9.3 2,302 12.9
h .50 1 .8 337 1.9
3 A 3.05 11.1 2,639 IU.8
T o ta ls 27.37 17,798
Appendix Table 1 0 .—Average d is t r ib u t io n  of ponderosa pine t r e e s  by- 
r i s k  r a t in g s .  P iq u e tt  ‘-'reek Experim ental f o r e s t ,  p er acre b a s is *
Risk Trees S cribner Volume
r a t in g i\lumber P ercentage Bd. f t . Percentage
1 5 .5 35 .0 3,201 27.3
2 7 .9 50.3 5,956 50.7
3 2 .1 13 . U 2,330 19.9
h 0.2 1.3 250 2 .1
3 A 2.3 lU .7 2,580 22.0
T o ta ls 15.7 11,737
*From d a ta  obtained  from a tim ber survey of the P iq u e tt 
Creek Experim ental F o rest by David Tackle, Richard E. 
Baldwin and C harles R, H unter, September and October 
1955* B asis: 222 o n e - f i f th  acre  p lo t s ,  hh»k a c re s .
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Work Sheet 1 ,—Summary of volume per acre destroyed; date
R ep lic a te s
Check Tr. I T r. I I T o ta l O verall
1 2 1 È 1 2 1 2 t o t a l




O ther agen ts 




O ther agen ts 




Other agen ts  
T o ta l
Medium D ensity
Heavy D ensity
Grand t o t a l s
-78“
Work Sheet 2 ,—Analysis of variance from work sheet Ij date_
F acto r S S
Degrees
o f A ctual Theore-  
freedom V ariance F t i c a l  F
T o ta l whole p lo ts 17
D e n s itie s 2
Treatm ents 2 *
R e p lic a te s 1
D X  T k
D X  R 2
T X  R 2
E rro r  (a) h
T o ta l su b p lo ts 71
T o ta l whole p lo ts 17
Causal agen ts 3
C X  D 6
C X  T 6
G X  R 3
C X  D X  T 12
C X  D X  R 6
C X  T X  R 6
E rro r  (b) 12
* Determine the  l e a s t  s ig n if ic a n t  d iffe re n c e  a t  .05
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Work Sheet 3 .—Summary of trees k illed  in  the check p lo ts , by stocking
d ensity , r isk  c lasses and causal agents; date_____________
R ep lica te s
D, b re v ie omis 
D, m onticolae 
Windthrow 
O ther 
T o ta l
D. brevicom is 
D, m onticolae 
Windthrow 
Other 
T o ta l
D, brevicom is 
D, m ontico lae 
Windthrow 
O ther 
T o ta l
1
k isk Risk
L ight D ensity
Medium D ensity
Heavy D ensity
Grand t o t a l
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Work Sheet U.—Analysis of variance from work sheet 3j date_
F acto r S S
Degrees
o f A ctual Theore-
freedom V ariance F t i c a l  F
T o ta l whole p lo ts 23
D e n s itie s 2
Risks 3
R ep lic a te s 1
D X  Risk 6
D X  Re. 2
Risk X  Re. 3
E rro r  (a) 6
T o ta l su b p lo ts 9^
T o ta l whole p lo ts 23
Causal agen t 3
C X  D 6
0 X  Risk 9
G X  Re. 3
0 X  D X  Risk 18
C X  D X  Re. 6
C X  Risk X  Re. 9
E rro r  (b) 18
* Determine th e  l e a s t  s ig n i f ic a n t  d iffe re n c e  a t  .0^
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Work Sheet 5 . —Summary of the  subsequent r i s k  r a t in g s  in  the r e s id u a l  
s tan d s  by f iv e  y ear p e rio d s j d a te_____________________
Keen age c lass"
1 - 2 3 U
































t o t a l









Actual Theore-  
F t i c a l  F
Total whole p lo ts 191
Tr. 1
Risks 3
Keen age c la sse s 3
R eplicates 5
Tr. X  Risks 3
Tr. X  K 3
Tr. X  Re.
Risks X  K 9
Risks X  Re. 15 *
K X  Re. 15
Tr. X  Risks x K 9
Tr. X  Risks x Re. 15 *
Tr. X  K X  Re. 15
Risks X  K X  Re.
Error (a) 1:5
% Determine the le a s t  s ig n if ic a n t  d ifferen ce  a t .0^
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Ac tu a l The ore-  
F t i c a l  F
T otal subplots 575
Total whole p lo ts 191
D en sitie s 2
D X  Tr. 2
D X  Risk 6
D X  K 6
D X  Re, 10
D X  Tr. X  Risk 6
D X  Tr, X  Re, 10
D X  Tr, X  K 6
D X Risk X  K 18
D X  Risk X  Re, 30
D X  K X  Re, 30
D X  Tr, X  Risk x K 18
D X  Tr, X  Risk x Re, 30 *
D X  Risk X  K X  Re, 90
D X  Tr, X  K X  Re, 30
Error (b) 90
* Determine the le a s t  s ig n if ic a n t  d ifferen ce at .05
